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FOREWORD 


Anything worth learning is worth learning well, and learning some- 
thing well calls for some degree of effort. The objective of this book 
is to minimize that effort by avoiding the use of technical jargon, 
cryptic diagrams and references to electrical theory. However, this 
doesn’t mean the information contained in this book will jump off the 
pages and burrow itseif into the casual reader’s brain. 


The "simplified" instructions packed with most do-it-yourself burg- 
ar alarm kits are usually quite easy to follow, leading one blindly 
through the haphazard. installation of a mediocre system; explaining 
“how to do it,” without a word about what one is doing, or why. AS a 
result there are thousands of so-called burglar alarms in current use, 
many of which can be defeated by the least sophisticated methods-——- and 
most of which will malfunction within a few months, often leaving the 
do-it-yourselfer with a collection of useless hardware fastened to the 
walls. 


Most burglars can easily recognize an improperly installed, simple 
to defeat, do-it-yourself Ait burglar alarm just by glancing at its 
components: the often flimsy control box, drooping wires, cheap shunt 
locks and improperly applied window foil with sloppy connections. Many 
of these packaged kits are relatively inexpensive (cheap), therefore 
increasingly commonplace. Most contain essentially the same type of 
parts-—- with instructions to install them in essentially the same way, 
therefore they are relatively easy to recognize and defeat by a number 
of simple methods. The most common of these methods is called "jumper— 
ing." This is a technique used effectively by burglars to “by—-pass" 
cheap or improperly installed alarm systems. There is a very simple 
countermeasure to the jumpering technique, but it is never explained in 
"simplified" instruction manuals, and rarely mentioned in books. In 
order to apply this countermeasure one must understand the jumpering 
technique, which calls for thorough familiarity with the nature of 
closed-circuit burglar alarm systems. 


This book explores closed-circuit ("supervised") wiring in detail, 
concentrating on the basic principles that govern all closed circuit 
burglar alarms, ranging from those found in tenement apartments and 
candy stores to those used in mansions and bank vaults. Once these 
Principles are understood, they may be applied to any type of closed- 
Circuit burglar alarm system. The best way to learn from this book is 
to read it through from cover to cover, passing over any word or seq- 
ment that seems vague, or a bit too technical. Very often the answer 
to a question that arises in one section will be found in a following 
section, or in the next paragraph. None of the diagrams are scheratic: 
some are self-explanatory pictorials, while others are simple line 
drawings. Each drawing is thoroughly supported by accompanying text. 


It is true that "one picture is worth a thousand words:" and it’s 
also true that one hands-on experiment is worth more than a thousand 
Pictures: The serious reader is well advised to obtain a sampling of 
the components described throughout this book and assemble a "bench 
system" (on a workbench or kitchen table), and follow each separate 
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section of the book with an actual experiment. This is precisely the 
teaching method used in all classroom and correspondence courses on 
security electronics—- and it works! Every student of a burglar alarm 
course is given a control panel, a coil of wire, one each of a variety 
of sensors, a power supply and some miscellaneous parts; and is quided 
through a number of "bench experiments." After the course is complet— 
ed, the same components are used in an actual installation or they re- 
main part of a permanent bench system. (To be used in conjunction with 
the testing of new components and devices.) 


It is recommended to readers who intend to install a burglar alarm 
system to set up a "bench system" first. After becoming thoroughly 
familiar with each component and its particular function in the bench 
system, stretch out a few yards of wire, apply a foil pattern to a pane 
of glass (even a mirror), and practice troubleshooting with a test me- 
ter. To most novices, a bench system is like a set of electric trains—- 
with a serious purpose. 


Security electronics is a fascinating world of ultimate gadgetry, a 
field that presently offers golden opportunities to any competent, mot— 
ivated individual. Burglar alarms are definitely in, and the profit 
potential in this business is impressive. A burglar alarm sideline can 
be operated out of a closet, using an ordinary car. And the initial 
investment is nominal. 


For example, one way to start up is install a system in your own 
home, then do the same for a friend or neighbor-- at a fair price. The 
price should at least recover the cost of both sets of components, enab- 
ling the purchase of more equipment, thus an inventory is established 
with practically no cash investment. Each subsequent job generates a 
profit while providing valuable experience. As your proficiency grows, 
so will your income. Thousands of profitable installation companies 
have started up in exactly this way; many of them are highly = success— 
ful today-- and there’s plenty of room for more. 


The techniques and equipment described in this book are not restric-— 
ted to residential installations, but apply to commercial premises as 
well. In fact, commercial premises are usually easier to wire and of- 
fer exceptionally high profits to the leasing installer: Ina leasing 
arrangement, the initial (installation) charge should absorb the cost 
of equipment; the system remains the property of the installer, who 
agrees to provide service and maintenance under contract (payable mon- 
thly.? Service contracts should not provide for free service when dam-— 
age or tampering is the cause of a problem. Leased burglar alarm ser-— 
vice contracts range from 15.00 to 500.00 per month, depending onthe 
size and sophistication of the individual system. 


Whether the reader intends to install only his (or her) own burglar 
alarm system or to strike out on a =new career, this book is a good 
Place to begin. The next step is to assemble a bench system and get 
some hands-on experience. Each step thereafter will be rewarding; in 
personal satisfaction, and cash savings-—- or handsome profits. 


THE BASIC BURGLAR ALARM 


A basic burglar alarm system consists of three separate segments, 
the bell circuit, the control Panel, and the protective circuit. The 
separate segments are wired together as shown in Fig. i-1. 


PROTECTIVE 
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PROTECTIVE 
CIRCUIT 
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Figure i-i 


The bell, an 8" circular gong with a motorized hammer on its under— 
side, is normally enclosed in a protective steel cabinet, which should 
be securely mounted to an exterior wall, high enough to be inaccessible 
to tampering. A pair of 146 to 14 gauge wires are attached to the bell 
motor ’s terminals, drawn through a wiring hole in the back of the hous- 
ing, drawn through a hole bored through the mounting surface and into 
the premises, where they are routed to the control panel. 


The control panel is a square, steel electrical cabinet with a key— 
operated ON/OFF switch mounted on its face. This cabinet is securely 
fastened to an interior wall, somewhere in a convenient, preferably 
concealed location within the premises. Inside this cabinet are the 
control instrument, which is the "brain" of the system, and a 6 volt 
battery to energize the bell. 


The protective circuit is a pair of 22 to 20 gauge wires, which are 
routed through the interior of the premises. Although none are shown 
in this diagram, the various sensors (switches, detectors, trap cir- 
cuits, etc.) used to monitor anticipated points of entry, (windows, 
doors, etc.), will be wired into the protective circuit. The protect— 
ive circuit must be routed so it passes directly across, or close to 
each point to be protected by a sensor. 


One end of the protective circuit is connected to the control panel. 
At the other end is an independent power supply, consisting of a pair 
of 1.5 volt ignition cells, wired together to form a 3 volt battery. 


As mentioned above, there is a separate power supply, (a 6 volt, heavy- 
duty lantern battery), inside the control cabinet for ringing the bell. 
The protective circuit power supply does not serve the bell circuit in 
any way! 


Fig. 1-2 is a closer look at the inside of a wired control panel: 
Fastened to the inside of the cabinet door is the contrel instrument, a 
Circuit board upon which are mounted two electro-mechanical relays, 
shown as A & B. 


9IND119 119 OL 
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Battery 


Figure i-2 


Situated between these two relays is a hole through which the rear 
section (body) of the ON/OFF key-switch protrudes. A pair of wires 
(not shown) is pulled through this hole from behind the board and 
connected to the key-switch. 


Situated below the relays and key-switch is a connecting strip with 
Six, separated terminals, numbered 1 thru 6 Terminals 1 & 2 are ad- 
dressed to Relay A, which is the bell relay. Terminals 3 & 4 are also 


2 


addressed to Relay A. Terminals 5 & 6 are addressed to Relay B, which 
is the protective circuit relay. Note the connections to these term- 
inals: The bell circuit wiring is connected to Terminals 1 & 2. A six 
volt battery, (for the bell), is connected to Terminals 3 & 4. The 
protective circuit is connected to Terminals 5 & 6. The wiring for the 
bell and protective circuits is drawn through "knockout" holes in the 
rear of the cabinet. The 6 volt battery is attached to Terminals 3 & 4 
by a short pair of 16 to 14 gauge wires. 


Imagine that the components we've covered thus far are set up ona 
test bench, arranged as shown in Fig. 1i-i: Rotating the key-switch to 
the ON position will ars the system, meaning it is "set up” to function 
as a burglar alarm. The way to activate the alarm is to somehow inter-— 
rupt the flow of current through the protective circuit, which may be 
done either by disconnecting the battery-—- or cutting a wire. The. fol- 
lowing is a detailed explanation of how the control instrument governs 
the separate functions of the bell and protective circuits. 


Relay Ais the bell relay. When the properly rated power source is 
applied to it, (6 volts in this example), its contacts are pulled to- 
gether, "latching" in Place and Providing a conductive path between the 
power source (at terminals 3 & 4) and the bell. There are two opens in 
the path between the power supply attached to Terminals 3 & 4: one is 
controlled by the key switch, the other is controlled by the protect-— 
ive circuit, (Relay B.) In order for the bell to ring, the key switch 


@ust be turned ON and the flow of Protective circuit current must be 
interrupted. 


Relay B is the protective circuit relay. It is totally independent 
of the key-switch. The protective Circuit is constantly energized by 
the 3 volt battery, and will remain energized as long as this "“super— 
visory” current flow is not interrupted. The flow of 3 volt energy 
throughout the protective circuit is called "supervisory" current be-— 
cause it monitors the status of the circuit. 


WIRE CONNECT CUT ENDS TO 
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Figure i-3 


Burglars are not so accomodating as to deliberately disconnect the 
protective circuit battery or cut a wire to de-energize the protective 
circuit relay and cause an alarm, so some form of Switching device 
(sensor) must be applied to each point of potential entry and wired 
into the protective circuit. Fig. 1-3 shows how to wire any sensor. 
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One “leg” of the protective circuit pair is cut, the severed ends are 
stripped and attached to the terminals of the Switching device. The 
device serves as a means to wake or break electrical continuity through 
the protective circuit, as in the example of an ordinary light switch. 


B 
SNITCH 
C CLOSED > «CLOSED > 


C OPEN) 


PROTECTIVE CIRCUIT 7 


BELL cIRcUuIT 7 


Figure 1-4 


In Fig. 1-4, the closed switch provides continuity through the pro- 
tective circuit. Relay B is held closed by the flow of current from 
the protective circuit battery. Note that when relay B is closed, 
relay A remains open-- therefore the bell cannot ring. 


B 
SWITCH 


C CLOSED > 


PROTECTIVE CIRCUIT 7 


BELL crrcurt 7 


Figure 1-5 


In Fig. 1-5 the switch (pictured) is open, which de-energizes Relay 
B, causing it to open. Whenever the key-switch is turned ON (system 
Operational) and relay B snaps open, relay A will simultaneously snap 
closed, activating the alarm. The only way to disengage the bell is 
to turn the key-switch to the OFF position. 


The drop-out action of Relay B is extremely fast, therefore an in- 
terruption of current flow through the protective circuit need only 
occur for a fraction of a second to activate the bell circuit. Restor- 
ing the protective circuit will not release the bell relay once it has 
latched in. 
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THE PROTECTIVE CIRCUIT 


To present this concept in its simplest form, the protective circuit 
described in the foregoing section is depicted ina short, straight— 
line configuration, containing only one sensor. While there are situat- 
ions that call for such a short run of wire and just one sensor, they 
are rare. In most cases a protective circuit will be routed through 
several rooms of a premises, on different levels, and will contain 
about a dozen, separate sensors. Regardless of a protective circuit‘’s 
area Of coverage, or how many sensors it contains, the basic principle 
remains the same: The protective circuit should always be perceived as 
a pair of wires with a power supply and a number of switches connected 
in series. The open ends of the pair are attached to a pair of screw 
terminals in the control panel, (5 & 6.) 


In electrical terminology the word series means a continuous string, 
like a group of people holding hands in a circle. To further clarify 
this analogy, remember that the words cirele and circuit derive from a 


common root: 


SWITCHES 


’ 


Compare Fig. 2-1 with the diagram in 
Fig. 2-2 (next page.) Study both 
diagrams and you will find the only 
difference is that the protective 
circuit in Fig. 2-2 has four sensors 
wired in series, while the one in 
Fig. 2-1 has only two, and the bat-— 
tery is situated on the other side 
of the control panel. Otherwise, 
both diagrams depict exactly the 
same thing, a continuous, series 
circuit, consisting of ai single 
string of wire connecting a number 
of components together. Fig. 2-1 is 
a series circuit, so is Fig. 2-2. 
If this simple principle is clearly 
understood, the following sections 
will present no problems. 


CONTROL 
PANEL 


PROTECTIVE 
CIRCUIT BATTERY ——>> 


Fig. 2-2 is a protective circuit: 
Figure 2-1 a control panel, a pair of wires 
extending out to a battery and four 
sensors wired in series. 


In Fig. 2-1 we see that a "pair" of wires is just a convenient way 
of producing a circle of connected components. 


CONTROL 
PANEL 


The phantom line of arrows in Fig 2-2 depicts the flow of current 
from the battery, through the entire protective circuit (including the 
protective circuit relay in the control panel), through each of the 
sensors, and back to the battery. This diagram is representative of a 
simple, straightforward installation, such as a row of four windows on 
the same wall. 


As previously mentioned, most installations call for about a dozen 
protected points, which are situated in different rooms and on more 
than one level of a premises. To begin a protective circuit at one 
given point and carry a continuous pair of wires to each consecutive 
point would be doing things the hard way. A much easier way toa dis- 
tribute a protective circuit throughout a premises is shown in Fig. 2-3 
(next page. ) 


Study this diagram and you'll find that the "main circuit" (running 
from the control panel to the battery) is an exact duplicate of the 
protective circuit in Fig. 2-2, with a few additions: 


The layout of this hypothetical installation makes it convenient to 
situate the control panel at one end of a row of four windows (on one 
wall) and put the battery in a closet at the other end of the wall. 
This is the "main circuit" and it contains four sensors. (Count them.) 


A second, separate circuit is started at another location of the 
premises, covering five windows and two doors, (seven sensors—— count 
them.) This circuit is tied into the main circuit at A, in the same 
way as a sensor would be connected. This circuit is now known as 
"loop" A of the protective circuit. 


Another loop is seen at B. Loop B contains only one sensor, (pro- 
tecting a roof-hatch, cellar door, etc.), and it is tied into loop A. 


A third loop, also containing one sensor, is seen tied into the main 
circuit, at C. 


Follow the arrows around this circuit (from the battery and back 
again) and you’ll see that no matter how many loops are added, and no 
matter where they are connected, the final effect will be the same. As 
complicated as it might seem in diagram form, in principle we are deal- 
ing with a huge circle-- produced by interconnecting several, separate 
pairs of wires, (loops.) 
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MAIN CIRCUIT 


CONTROL 
PANEL 


—- 


“BATTERY 


Figure 2-3. 


It is important to mention that, technically, it makes no difference 
where the battery is situated in the protective circuit. The battery 
in Fig. 2-3 could be removed from its present location and (after the 
vacated wire ends are spliced together), connected anywhere else-~- in 
the main circuit or in loops A, Bor C. 

The protective circuit battery may be wired in a different way and 
Placed inside the control cabinet along with the bell battery, which is 
sometimes done. However, there is a good reason why this practice 
should not be followed in some situations. For reasons which will be 
explained in the section on SHORT CIRCUITS, the protective circuit bat- 
tery should be situated a good distance away from the control panel and 
concealed whenever the protective circuit parts are accessible to tamp— 
ering by visitors to the premises, customers, employees, etc. 


SHORT CIRCUITS 


To Bell 


Figure 3-1 


Fig. 3-1 shows a protective circuit wired to a control panel. Note 
that the protective circuit battery is situated inside the control cabi- 
net, next to the bell battery. Examine the wiring of this protective 
circuit: One terminal of the two-cell battery is attached directly to 
Terminal 5 of the control instrument, leaving one vacant battery term— 
inal and one vacant terminal, (4), on the control instrument. The 
protective circuit is wired directly to these vacant terminals. The 
path of the arrows shows that the supervisory current from the battery 
flows through the protective circuit, (and the protective circuit re- 
lay), just as it would if the battery were situated outside the cabin- 


et. However, wiring a protective circuit in this manner offers the 
potential for compromise, making it easy for a knowledgeable burglar toa 
bypass the entire circuit by imposing a "short," (short circuit), at 


some point close to the control cabinet. 


In the same way that water will always seek the lowest level, elect— 
ricity will always seek the shortest path to follow: 


<—<——S$> i ——— > hl 


(3 volts) 


. Figure 3-2 


Fig. 3-2 depicts a simple circuit, a two-cell battery connected to a 
lamp by a pair of wires. Note the unimpeded flow of current through 
the entire circuit, causing the lamp to light. 


In Fig. 3-3, (which is identical to Fig. 3-1), we see that a short 
has been imposed across the pair, (by attaching a "jumper" wire.) 


To Bell 


Protective Circuit 


Figure 3-3 


Note that the current flow has been diverted by the short, returning 
by the shortest possible path back to the battery. Electricity flows 
with incredible speed, from negative (-) to positive (+), and will 
always follow the shortest possible route. 


Figure 3-4 


Fig. 3-4 is identical to Fig. 3-2, with one important exception. A 
short appears at A. Note that the supervisory current is diverted by 
the short and returns directly to the battery. Also note (in Fig. 3-3) 
that even though the entire protective circuit has been by-passed, the 
protective circuit relay doesn’t "know" this. The current still flows 
through the relay, energizing it, thus the sensors in the protective 
circuit are unsupervised. 


A ‘ 
ee ee 
Seed eee ate Se 


Protective Circuit 


a 
ah 


Figure 3-5 
Pt Fig. 3-5 is identical to Fig. 3-1, with one exception. This is a 


Properly "supervised" protective circuit, with the battery situated 
outside the cabinet. Note the effect of imposing a short at the same 
point as in Fig. 3-3: The flow of supervisory current is diverted by 
the short——- but in this case the protective circuit relay is deprived 
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of energy, and will drop out, activating the bell circuit. 


Some shorts are accidental, caused by worn or damaged insulation 
that causes both conductors of a pair to make contact. But imposing a 
deliberate short is called “by-passing,” and is the favorite technique 
of sophisticated burglars. In one example, a commercial premises was 
burglarized and the alarm system failed to function. An inspection 
disclosed that the installer had wired the protective circuit with the 
battery inside the control cabinet. Because the public had access to. 
the protective circuit during normal business hours, someone had pushed 
an ordinary straight—pin through both legs of the protective circuit 
pair just a few feet away from the control panel, shorting out the 
entire protective circuit. 


To summarize the foregoing in simpler terms: When the protective 
circuit battery is situated outside the control panel and at a remote 
distance from it, an attempt to "short out" any part of the protective 
circuit between the battery and the control panel will instantly cause 
an alarm. 


It is often more convenient to place the protective circuit battery 
in the control cabinet (as shown in Fig. 3-1) and when the possibility 
of a compromise attempt does not exist there is nothing wrong with 
doing it this way. In fact, when a control panel with a built-in power 
supply is used, there is little alternative. However, unless an “end- 
of—-the-line resistor" type control panel is used, this wiring method 
leaves the protective circuit vulnerable to a simple by-pass. 


The “end-of—-the-line resistor" panel will seem somewhat confusing to 
the novice at this stage, but it is a relatively simple principle to 
understand: All electrically conductive materials present a measur— 
able amount of specific resistance to the flow of electrical current. 
The amount of resistance (which is measured in "Ohms") depends on the 
type of material and its mass, (gauge, in the case of wires.) For 
example, a 20 yard length of 22 ga. copper wire will show a specific 
level of resistance when measured with a precision meter; naturally the 
amount will be less than 21 yards and more than 19 yards. 


The protective circuit relay of an end-of-the-line resistor control 
panel is sensitive to an abrupt change in the specific resistance of a 
protective circuit. When the protective circuit's overall resistance 
is measured, which will include the sum of the specific resistance 
levels of every sensor in the circuit, this type of control panel ad- 
justs to the specific resistance of the protective circuit, with a very 
narrow margin of tolerance. The slightest fluctuation, such as a by- 
pass attempt, will cause it to drop out. 


This method is not new, it is borrowed from the principle of the 


central station connection, by which bank alarms, etc., are wired by 
leased telephone lines to a monitoring station. 
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CONTROLS 


Most of the components used in burglar alarm systems, such as bells, 
Wire, batteries and sensors are designed to perform a Single, specific 
function, therefore the only factor to consider when selecting these 
items from the wide variety of available brands is quality. For exam— 
Ple, a bell is a bell and is expected to do nothing more than make a 
noise. There are many bells available on the equipment market, most of 
which are very well made and Priced within the same range. If a bell 
bears the U.L. label and is sold by a regular alarm equipment dealer, 
this is adequate assurance of reliable quality. 


The same can be said for wire, batteries, power supplies and sen- 
sors, from the simplest switch to the most sophisticated motion 
detector. However, the same cannot be said for control panels because 
there simply are too many different brands and models available, some 
of which provide numerous accessory functions in addition to the prim 
ary function of activating a signal when the protective circuit is 
disturbed. 


The control panel described in this material is known in the burglar 
alarm trade as the "100 control" and it has been the standard of the 
industry for many years. The 100 control consists of a Plain, sturdy 

enclosure, (cabinet), with a Model 100 control instrument mounted on 
| the inside and a two-position ON/OFF switch showing on the outside, 
| mothing more. In spite of the many high-tech alternatives available on 
the market, the 100 is presently in use in millions of commercial and 
residential installations. These Panels are preferred by many commer — 
Cial alarm contractors for use in leased alarm systems, which is a Sig- 
nificant testimonial because leased burglar alarms are profitable only 
aif they are trouble-free and the equipment is cost-efficient. 


The 100 is an inexpensive, reliable burglar alarm control which may 
be expanded upon by adding any number of optional accessories such as a 
permanent power supply ("power Pack"), entry/exit delay timer, bell cut- 
off timer, AC switching relay, and more. These accessory modules are 
quite easy to add to a basic control Panel at any time after the system 
is installed and operational. The alternative to using separate mod— 
ules is to purchase a control panel with all of the desired accessories 
built in. While this is a suitable alternative for the experienced in- 
staller, a novice is likely to find a sophisticated, multi-function 
control panel to be baffling. This is why the format of this material 
is structured around a simple, basic control panel, which the novice 
installer is well advised to start out with. 


Listed below are a number of useful accessory control features. If 


preferred, there are many control panels available that offer any 
combination of these features, and more, as built-in options. 


11 


POWER PACKS: 


A popular alternative to operating a burglar alarm system on tempor— 
ary batteries is to use an AC-dependent transformer, called a permanent 
power supply, or pewer pack. But a permanent power supply should never 
be used without attaching a trickle-charging, stand-by battery to it 
for maintaining power in the event of an AC failure or deliberate, pre- 
burglary tampering with the house wiring from outside the premises. 


TO 110 AC 
Light Switch 
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TP bebe blL 
; | 
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110 AC 
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Bell Circuit 


Figure 5-1. 


Fig. 5-1 shows the layout of a Model 100 control instrument, wired 
up with a number of accessory control—function modules. 


A is the power supply with a stand-by storage battery attached at B. 
Terminals 1 %& 2 of the power pack are connected (C) to 110 AC, 


either directly, (using 18 - 16 gauge wire), or via a plug-in 
transformer, (which will be included with the unit when purchased.) 


Terminals 3 & 4 of the power supply are wired to Terminals 3 & 4 of 
the control panel, providing a permanent source of 6 volt energy for 
the bell. These power pack terminals replace the bell battery shown in 


previous diagrams. 


Terminals 5 & .6 of the power pack provide a permanent source of 3 
volt energy for the protective circuit and are wired in the same manner 
as described in Fig- 3-1. These power pack terminals replace the pro- 
tective circuit battery shown in previous diagrams. 


STAND-BY BATTERY: 


Terminals 7 & 8 of the power pack are wired to the stand-by battery, 
iB.) If the AC power fails, the power pack will simultaneously switch 
to battery support. Because the standby battery is under continuous 
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charge, it remains permanently energized to peak capacity and does not 
require periodic replacement. 


ENTRY/EXIT DELAY TIMER: 


The item shown at D represents an entry/exit delay timer module. 
Note that it is wired directly into the protective circuit. This 
device has two separate timing circuits, (ENTRY and EXIT), both of 
which are adjustable to provide a delay period from O to 60 seconds. 


The EXIT delay enables the user to switch the system on and leave 
the premises without activating the alarm. Likewise, the ENTRY delay 
Provides sufficient time to re-enter and switch the system off before 
the alarm activates. An ENTRY delay timer should always be adjusted to 
the shortest possible delay period, for obvious reasons: An excessive 
pre-activation delay might afford a burglar sufficient time to locate 
and forcibly disable the control panel before the system activates. 


TIMED BELL CUT-OFF: 


F represents a timed bell cut-off device, which is wired into the 
bell circuit. This device automatically cuts off power to the bell 
after it has rung for a pre-selected time. Twenty to thirty minutes is 
Plenty of time for a burglar alarm to sound, whether the cause is an 
entry attempt or a malfunction. (Many localities have ordinances that 
mandate a 20 — 30 minute maximum ring-off period for burglar alarms.) 


AC SWITCHING RELAY: 


His an AC switching relay. It is connected (g) in parallel to the 
bell circuit pair. When the alarm is activated, the same current that 
rings the bell also energizes this relay, causing its high-voltage 
rated contacts to close. These contacts are wired directly to the term- 
inals of a light-switch. Closure of this relay‘’s contacts will thus 
turn on whatever lights the switch normally controls, which might be a 
single table-lamp or a string of exterior floodlights. The combined ef- 
fect of a loud bell or siren, (or both), and bright light will usually 
drive off the most brazen burglar. 


Note that the AC switching relay is connected to the bell circuit 
wiring between the control panel terminals and the bell cut-off device 
at F. If it were connected anywhere beyond the bell cut-off, it would 
be de-energized along with the bell when the timer’s contacts opened. 
This would turn off the lights, too, which is not desirable. 


MULTIPLE ZONES: 


It is often desirable to wire more than one protective circuit into 
the same burglar alarm system. The reason for doing this is to divide 
the system into separate "zones," each of which may be temporarily 
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“shunted” (removed, or "“by-passed") from the system without affecting 
the remaining zones. This capability is valuable in Situations where a 
problem in a_ protective circuit is discovered prior to closing the 
premises and cannot be serviced until the following day. With a single 
zone system this would require that the entire system be switched off, 
leaving the premises totally unprotected. 


A trick which is used successfully by many burglars is that of incon- 
spicuously passing a razor blade through a strip of protective foil on 
the interior glass of a business premises during normal business hours, 
knowing that this inconspicuous damage to the protective circuit will 
force the owner to either remain overnight in the premises or leave it 
unprotected, which is usually the choice of a tired, unsuspecting shop—- 
keeper who doesn’t want to wait several hours for a serviceman. 


~< Control Panel 


_ eee 


Protective Circuit #1 


Circuit 


4 
6 Volt Bell Battery 


Protective Circuit #2 


Figure 5-2. 


The use of a two-zone control panel is a good way to counter this 
trick. Fig. 5-2 depicts the layout of a two-zone system. Note the 
differences between this layout and those seen in previous, single-zone 
diagrams: This control instrument has a second protective circuit 
relay (B) and another pair of terminals on the connecting strip, (7 & 
8) which accomodates the additional protective circuit. Everything 
else is the same. 


Assume that Protective Circuit #1 is dedicated exclusively to super— 
vising the premises window foil and nothing else, while Protective 
Circuit #2 is dedicated to the remaining sensors used in the system-— 
which includes a mbtion detector device: Several possibilities exist 
in such an arrangement. One possibility is the burglar(s) who sabotage 
the foil pattern, believing that the entire system has been disabled, 
will attempt to break in via a back-door, etc., which (unknown to them) 
is protected by a sensor in Protective Circuit #2, (Zone 2.) 


Another possibility is that the burglar(s) will break and enter 
right through a glass pane, which is left unprotected because of the 
disabled zone. OGnce inside, however, they will enter the energized 
field of the motion detector device, which is wired into the active 
circuit, (Zone 2.) 


The third possibility expresses the Principle of the day/night con- 
trol technique: The day/night control is a two-zone system which is 
used in the manner explained above: Zone One is dedicated to window 
foil, skylight lacing, wall foil and any other sensor which is not sub-— 
ject to operation or disturbance by routine daily movement. 411 of the 
other sensors, door and window Switches, motion detectors, etc., those 
devices which are constantly being operated or otherwise disturbed by 
routine movement, are wired into Zone Two. 


During normal business hours the alarm system is left switched on, 
but Zone Two is shunted. (Multiple zone panels have individual Switch— 
es to shunt any zone.) Door and window Switches may then be freely 
operated, and motion detectors disturbed without activating the alarm, 
because their circuit (zone) has been shunted out. But the instant 
that any kind of damage occurs in Zone One, (like a deliberate slit in 
a foil pattern, broken lacing, etc.), the alarm will activate. This 
enables the premises owner to call for service immediately and to pos—- 
sibly observe the cause of damage the moment it happens. 


"DAY/NIGHT" control panels are commonly used for commercial premises 
which are freely visited by the general public. These are simply a 
“two-zone box" with a switching provision that temporarily shifts the 
bell circuit to a buzzer and light on the face of the control panel cab- 
inet. this is a convenient alternative to having loud bells and sirens 
go off if Zone One is activated during business hours. When Zone Two 
is restored prior toa Closing, the normal bell circuit is re-engaged. 


Control panels are available with built-in provisions for two, four 
or six separate zones, or more. The use of multiple zones, particular-— 
ly in systems that utilize multiple loops, provides a valuable advan-— 
tage in terms of “trouble-shooting,” which is locating the cause of a 
protective circuit problem: Referring to the foregoing example of a 
two-zone system, a break in a foil pattern would immediately isolate 
the problem to Zone One. 


Suppose that a burglar alarm system utilizes a dozen separate loops, 
covering three different levels (floors) of a premises: If all twelve 
loops are tied into the same protective circuit, a Problem in = any 
individual loop will require trouble-shooting the entire twelve loop 
protective circuit. And if the problem is discovered when the system 
is switched on just Prior to securing the Premises, (which is usually 
the case), when it is not convenient to trouble-shoot and repair it, 
the entire system must be disabled Qvernight. 


If a multiple-zone control panel is used in the same Situation, and 
the system is divided into four, (or more), separate zones, the zone in 
which the problem exists will be immediately identified by an indicator 
lamp when the system is switched on. If the specific cause of the prob- 
lem, (a malfunctioning or damaged sensor, broken wire, etc.), cannot be 
quickly located and repaired, the indicating zone may be shunted out by 
moving a panel switch, leaving the remainder of the system operational. 


The cost of a multiple-zone panel is greater than that of a basic, 
Single-zone model and there is much more work involved in running a 
number of separate protective circuits directly ta the control panel, 
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instead of just one. But in view of the foregoing advantages it makes 
sense to go the extra mile. The advantages of a multiple-zone system 
are obvious and well worth the extra effort in the long run. 


In comparison with the simple, straightforward design and appearance 
of a basic, single-circuit control panel, a multiple-zone, multi- 
feature control panel might be an intimidating prospect for a beginner. 
It should be kept in mind, however, that regardless of how many separ- 
ate zones a given control panel will accomodate, the basic principles 
outlined in this material will apply to each of them. 


Due to the large number of different control panels available from 
the various manufacturers it would be impractical to attempt a 
description of each of them in one book, because by the time this book 
is published there undoubtedly would be more. (Few of which will offer 
any really useful, new features.) 


There is no question that some (or all) of the accessory functions 
described above are necessary for certain situations, but a good rule 
to follow when selecting a control panel is to avoid those which seem 
to promote gadgetry as opposed to sensible technology and are not truly 
useful or practical. While seductive lights, buzzers, whistles and 
bells serve an acceptably frivolous purpose in luxury automobiles, such 
redundant features in a burglar alarm control are often more confusing 
than convenient. 


A listing of price averages for burglar alarm equipment is found at 
the end of this book. The prices given are the typical retail cost of 
reliable, professional~-grade equipment. The reader who plans to 
install more than a few burglar alarms will save considerably when pur- 
chasing equipment directly from a wholesale distributor, but the begin- 
ner is well advised to patronize an experienced retailer who is not 
Opposed to answering basic, "stupid" questions. 


Wholesale distributors discount up to 40% off retail and thus depend 
on brisk, high-volume sales, which is why they have little patience 
with "gimme one of those and where do the wires go?" customers. A 
wholesaler’s counter is usually busy with large quantity orders from 
working installers who know exactly what they need, and how many dozen, 
so the novice who’s looking to save a few percent on the cost of a con- 
trol panel stands an excellent chance of having a "white elephant" 
unloaded on him by a wholesaler who's been looking for an inexperienced 
amateur to dump it. on. 


It is alright for a beginner to buy a control panel with a_i few, 
necessary control features built in, provided the dealer is willing to 
explain the various wiring connections and any special requirements at 
the time of sale-- and provide additional information afterward, if 
needed. After the first installation has been completed, the novice 
will have sufficient experience to evaluate the more sophisticated 
control panels. Until then, the simpler the better. 
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BELLS & SIRENS 


Because a burglar alarm bell will be permanently exposed to a var-— 
iety of weather extremes, one should not consider using a bell which is 
not “UL Listed," meaning that its overall quality has been tested: and 
found acceptable by the Underwriters’ Laboratories. (The UL label is a 
generally reliable indication of quality where alarm components are con- 
cerned.) A burglar alarm bell should be contained in a heavy-gauge, 
weather-resistant , louvred cabinet, which should be equipped with 
tamper-—detecting switches, or “tamper switches." 


The inset above shows a burglar alarm bell in a heavy-duty cabinet. 
Note that the gong is mounted on a removable plate, (called a suspen-— 
sion plate.) The plate isolates the gong from the mounting surface 
which otherwise would absorb the gong’s resonance. The suspension 
plate is secured to internal brackets by machine screws, then the outer 
door is sealed by more screws. Removing fine-threaded machine screws 
is a time-consuming procedure which, in combination with the measures 
outlined below, provide an adequate level of protection for the mounted 
bell. Even when a bell cabinet is mounted high above street level, 
some burglars won’t hesitate to climb a ladder to get at it, provided 
they can do so without being seen. The following describes how a 
properly wired bell will frustrate such a compromise attempt: 


Fig. 5-1 (next page) shows a bell cabinet with the suspension plate 
and gong removed. Note the two tamper switches mounted on the inner 
side of the cabinet, with their Plungers facing to the front and to the 
back. The plunger of the front switch protrudes through a hole in the 
suspension plate, (when it is in Place), and the plunger of the rear 
switch protrudes through a hole in the back of the cabinet. When the 
cabinet is mounted: and sealed, the plungers of both switches are com— 
pressed by both the mounting surface and the closed cabinet door. 


Fig. S-2 is a close-up view of the tamper switches (only) and how 
they are wired. (The three holes on each switch are for the mounting. 
screws.) Note that a short, 22 gauge Jumper wire (A) extends from a 
screw terminal of one switch to a terminal of the other Switch, con- 
Joining both switches by a series connection. B is a 22 gauge pair, 
which is brought into the premises and connected to any loop of the 
protective circuit. 
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Figure 5-1 Figure 5-2 


(If convenient, this connection may be made inside the control 
panel.) In effect, these switches represent a separate loop in the 
protective circuit and they serve the same purpose as any of the 
switches used inside the premises to protect windows and doors, etc. 


Fig. S-3 is a side-view of a bell 
cabinet, mounted and sealed. Even ifa 
burglar removed the three screws that 
seal the cover, the moment the cover is 
opened the plunger of the front switch 
will release, opening the circuit and 
activating the bell. The burglar still 
would not be able to reach the bell wir- 
ing without first removing three more 
screws that secure the suspension plate. 
Not an easy task while standing on a 
ladder with a 108 decibel bell pounding 
away in one’s’ face, wondering if the 
police are on the way. 


Figure 5-3 Likewise, if an attempt is made to pry 

the cabinet away from its mounting 

surface, the bell will be activated the moment the cabinet is pried 

enough to release the rear tamper. For this reason, the cabinet should 
be mounted as securely as possible. 


An increasingly popular alternative to the traditional burglar alarm 
bell is the electronic siren, which is similar in its oscillating tone 
to the sirens used in police cars and other emergency vehicles. 


The electronic sirens used for burglar alarms consist of a PA speak— 
er contained in a protective cabinet, much like that of a bell cabinet. 
If an electronic siren is used in place of a bell, it is recommended 
that a 12 volt model be used because of the relatively weak noise level 
of the & volt versions. 
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A typical electronic siren speaker is shown above. The cabinet on 
the right is tamper-protected in the same manner as a bell cabinet. 


Most of these sirens employ a remote driver/amplifier, a separate 
module which is contained in the control panel. The module is wired to 
the bell terminals of the control instrument, and the wires leading to 
the siren are connected to the module. (Some control panels have built- 
in siren drivers.) Most siren drivers can accomodate up to four separ— 
ate speakers, which enables the use of multiple annunciators. (An 
"annunciator" is any type of noisemaker, a bell or a siren.) 


One technique which will greatly enhance the overall effect of a 


burglar alarm is to use an electronic siren inside the premises, in 
addition to the exterior bell or siren. The noise generated by an in- 
door siren is deafening and will deprive a burglar of the ability to 
listen for approaching danger. A convenient way to do this is by wir- 
ing a siren driver directly to any type of indoor PA speakers, or to a 
pair of existing stereo speakers. 


Another useful accessory is a strobe. The effect of a strobe burst 
in a darkened area is virtually blinding, causing general disorientat— 
ion and loss of balance. For outdoor application, weatherproof strobes 
are available for mounting directly onto bell or siren cabinets. These 
are powered by the bell circuit and serve as a beacon for responding 
police. 


Thus far it has been shown how adding modular accessories to a basic 
burglar alarm control can ring a _ bell outside and a siren inside, 
switch on outdoor or indoor lighting, temporarily blind a burglar with 
a strobe burst, ‘visually quide responding police to the sound of an 
active alarm annunciator, and automatically silence the annunciator (s) 
after a fixed period of time. The following sections are devoted to 
the many sensors, (detectors and switches), which may be wired into the 
protective circuit to initiate the foregoing effects. It is assumed 
that the reader is sufficiently acquainted with the operation of a 
burglar alarm system that no further discussion of control functions 
will be necessary. If not, a review of the foregoing sections is 
recommended before proceeding further. 
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TESTING WITH A METER 
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Working with burglar alarms calls for the performance of certain 
tests to determine the factors of polarity, continuity and voltage. 
Fortunately, these tests are quite simple and each may be performed 
with an easy-to-use instrument called a multimeter, or "meter" in the 
language of the trade. 


There are hundreds of different types of multimeters available, ran- 
ging in price from twenty dollars to several hundred dollars. The more 
expensive models are extremely accurate and are designed for sophisti- 
cated applications. (Such precision is not required for testing burg- 
lar alarm circuits.) Small, lightweight multimeters, which are ideal 
for burglar alarm work, are available from alarm equipment suppliers 
for around thirty or forty dollars. 


Because of its highly technical appearance, a multimeter can be 
intimidating to the novice who has never used one. The face of the 
meter is graduated into hundreds of fine increments and there are many 
numbered settings to select from. However, the device is extremely 
Simple to use: 


A typical multi-meter is a rectangular device, with a pair of wire 
probes extending from its body. It may be set to test either AC or DC 
voltage or electrical continuity through a "dead" conductor. Because 
burglar alarms operate on DC, the only AC test will be that of determ— 
ining whether a wall receptacle is live prior to plugging in a power 
supply transformer. This is done by selecting the AC function and in- 
serting the probe tips into the receptacle. I the meter moves, the 
outlet is live. If it doesn’t move, the outlet is dead. Aside from 
this, the meter will be used exclusively for DC and continuity testing: 


POLARITY: 


Polarity means the difference between the Positive (+) and the 
Negative (-) "sides" of a DC power source. It is important to know 
which is which because DC components require that polarity be observed 
during wiring, that is + to +, - to -. The terminals of most compon— 
ents are clearly marked with a + or - symbol, or by color. Red is 
Positive, black is Negative. Connecting a component the wrong way 
(cross—polarizing),, will cause damage, malfunction or non—function. 


It is simple to determine the polarity of a DC power source: The 
probe wires of a multimeter are color-coded red and black. These 
probes are applied to the terminals of the power source, (such as those 
of an unmarked battery or transformer.) If the needle of the meter 
swings to the right, (which is the normal direction), the terminal to 
which the RED probe is applied is the POSITIVE side. If the needle 
moves backward, this means the RED probe is applied to the NEGATIVE 
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side. A simple way to acquaint oneself with this test is to alternate— 
ly apply the probes of a multimeter to the terminals of any type of 
battery and note the direction in which the needle moves. 


Proper polarity must be observed when connecting the ends of a pro- 
tective circuit to the terminals of a control panel. Imagine that the 
protective circuit battery is located a considerable distance away from 
the control panel to which you are about to connect the protective cir— 
cuit pair. The polarity of the pair may be determined instantly by 
applying the meter’s probes to the wire ends. If the needle swings to 
the right, then the conductor to which the RED probe is applied is FOS- 
ITIVE. If the needle moves backward, the RED probe is applied to the 
NEGATIVE conductor. (The control panel terminals will always be mark— 
ed, either with the + and - symbols or the colors red and black.) 


CONTINUITY: 
Continuity means the ability of a conductor, (a wire, etc.), to 


accomodate the flow of an electrical current. To perform this’ test, 
the meter is set to the position marked OHMS, (meaning resistance.) 


Probes Apart Probes Touching 


Figure 6-1 


When the meter’s probes are brought together the needle will swing 
all the way to the right, indicating unimpeded continuity. By bringing 
the probes together a circuit is completed, consisting of the probe 
wires, the meter’s battery, and an electromagnetic coil inside the met— 
er that moves the needle. 

If the meter’s probes are applied to any conductive medium, whether 
the shaft of a screwdriver or a 1,000 ft. protective circuit, the 
effect will be the same. So long as there is’~ unbroken continuity 
throughout the conductor, the needle will indicate by swinging to the 
right. 


If the needle doesn’t move, there is a break somewhere in the 
conductor. 
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(INTACT) Conductor -— 


Circuit is intact - Meter needle deflects to right 


Figure 6-2 


Fig. 6-2 shows a conductor, (a pair of wires open at one end.) The 
probes of a meter, (A & B), are applied to the open ends. Because the 
conductor is intact, (no breaks), the meter is indicating full contin— 
uity, (no resistance to the flow of electrical energy.) 


Jeu (OPEN) Conductor —-—<" 


Circuit is broken (at arrow) Meter needle does not move 


Figure 6-3 


In Fig. 6-3 there is a break (open) in the lower leg of the con- 
ductor. Note that the needle hasn‘t moved from its extreme left 
position, showing that energy cannot flow through the circuit. 


Breaks in continuity are rarely visible. One example of a situation 
in which a concealed break would be impossible to locate without the 
aid of a meter is an open occurring beneath the insulation of a con- 
ductor. This can be the result of a manufacturing defect, excessive 
strain when pulling wire through a tight space or careless use of a 
staple-gun while fastening the pair. The example seen in Fig. 6-3 
shows such a break, it could be precisely located by advancing the 
probes of the meter along the length of the conductor a few feet at a 
time. Contact with the wire under the insulation is made by pushing 
map pins through the insulation and applying the meter prabes to the 
pins. Ideally, the tips of the meter‘’s probes will be alligator clips 
into which pins may be clamped. 


Burglar alarm wire is usually packaged on 500° spools. The wire is 
wound on the spool so that both ends of the 500° pair are exposed and 
accessible. By twisting the open conductors at one end of the spool 
together and applying a meter’s probes to the other ends, the entire 
500° pair may be tested for a defect while still on the spool. It is 
recommended that this test be performed on every spool of wire prior to 
using it. Each spool is factory tested right after it’s wound, but 
damage could occur during shipping. It is rare that a broken conductor 
will be found in a fresh spool of wire but, if one exists, it’s best to 
find it before the wire is installed-- especially inside a wail! 
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SENSORS 


By now it should be clear that a burglar alarm is activated by some 
action which causes an open (break) to occur at any point in the pro- 
tective circuit. The open may be produced by disconnecting an external 
protective circuit battery, removing either of the protective circuit 
connections from Terminals 5 & 6 of the control panel, cutting a con- 
ductor or otherwise producing an open anywhere along the length of the 
protective circuit wiring. 


As explained in the section on PROTECTIVE CIRCUITS, a wide variety 
of special devices are situated at strategic locations within a pro- 
tected premises and wired into the protective circuit. This variety of 
devices ranges from simple mechanical switches and fragile conductors 
("lacing" wire and window "foil") to sophisticated electronic motion 
detectors such as passive infra-red, photoelectric, micro-wave, ultra-— 
sonic, Capacitance and audio-discriminator devices. Regardless of how 
simple or complicated any of these devices might be they all serve the 
same purpose, that of producing an open in the protective circuit when 
disturbed by movement, or excited by the presence of something approx— 
imate to a human form. 


Any device that is wired into a protective circuit to detect move- 
ment or presence when it is operated (as in the case of a switch) or 
excited, (as in the case of a motion detector), is called a sensor. 
All sensors are connected into the protective circuit in the same man-— 
ner, by cutting one leg of the protective circuit wiring, stripping the 
severed ends and attaching them to a pair of screw terminals on the 
device. 


The novice installer should not be intimidated by the complex nature 
of any type of motion detector apparatus. Like radios and tv sets, one 
needn't know what makes them tick in order to use them efficiently. 
All that the installer needs to know about an individual detector is 
its operational nature, its capabilities and limitations, how to apply 
it and test it for proper operation. These procedures are covered in 
the following seqments. 


It is neither necessary nor practical for the installer to repair a 
motion detector device in the field, or otherwise. When it is deter- 
mined that a detector is malfunctioning, the accepted practice is to 
remove it and retutn it to the supplier for repair. The malfunction— 
ing device is then replaced with another of the same type. If a re- 
Placement is not immediately available, the wire ends’ from which the 
device is removed are spliced together to restore the circuit until the 
device is returned. Excluding a detector from a protective circuit, 
even for one day, is not a desirable practice. Professional installers 
avoid this by making sure they have an adequate stock of replacement 
components on hand. 


PLUNGER SWITCH 


Operationally, a plunger switch is no different from the spring- 
loaded button used to ring a doorbell. Pressing the button closes a 
pair of internal contacts, completing a circuit, causing the bell to 
ring. When pressure is released, the contacts release. 


Plunger 
Compressed 


Plunger 
Extended 


Fig. 8-1 Fig. 8-2 


The major difference between a plunger switch and a doorbell button 
is shape and internal construction. As seen in Fig. 8-1, the push- 
button is a plunger that protrudes about 3/4" from the face (C) of the 
switch. A relaxed spring is seen inside the body of the switch forcing 
the plunger outward, leaving the contacts open at B. 


Fig. 8-2 shows the plunger compressed into the body of the switch, 
collapsing the spring, causing a U-shaped, bronze jumper strip (D) to 
complete a circuit across the internal contacts. A pair of screw 
terminals at A are seen as physical extensions of the internal 


contacts, (B). 


The reader who is experienced in electrical wiring will probably 
consider the foregoing description of a simple device to be somewhat 
tiresome, but this exhaustive explanation will be helpful to the novice 
in understanding how switches work and how they are used in a protect-— 


ive circuit. 


So long as pressure is maintained against the plunger of this switch 
the jumper strip remains compressed against the contacts, providing 
electrical continuity through the switch via the external terminals. 
When pressure is relaxed the jumper strip withdraws, producing an open 
in the protective circuit. This will activate the alarm. 
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Although a plunger switch is one of the simplest and least expensive 
of all sensors, there are many ways to use it. 


Fig. 8-3 shows the most common appli- 
cation: The plunger switch is mounted in 
a 3/4" hole bored into a door-frame. The 
edge of the door will compress the plun-— 
ger when the door is closed. When the 
door is opened the plunger will release. 


A pair of wires is seen attached to 
the terminals of the switch and = drawn 
through a small hole drilled through a 
baseboard. This pair will be connected 
into the protective circuit at the clos-— 
est junction. 


This wiring route presumes an exposed 
wiring job. If concealed wiring is pre- 
ferred, (which is optional), the wiring 
may be snaked through the wall or tucked 
behind the baseboard. 


Another way to use a plunger switch is to mount it in the bottom 


channel of a double-hung window frame (and another in the top channel, 
if desired) and snake the wiring through the wall. While this tech-—- 
nique provides absolute concealment, a special, weatherproof plunger 
switch must be used because of the direct exposure to moisture. The 
weatherproof plunger is enclosed in a flexible rubber boot = and the 
housing of the switch is moisture-resistant. 


These are just two of many possible applications of this versatile 
switch, other possibilities are limited only by the installer’s imagin— 
ation: For example, a plunger switch may be mounted in the surface of 
a table or cabinet and the plunger compressed by the weight of a valu- 
able item of property. Removal of the item will release the plunger. 
This type of application is called a "trap" and is useful to ensure 
that an alarm will be activated even if a burglar manages to bypass the 
perimeter sensors and gets inside. Such a “trap” may be rigged and 
wired into the active "zone" of a day/night system to guard against 
removal of certain items from a premises during normal business hours. 


The "tamper" switch described in the section on BELLS & SIRENS is 
simply a plunger switch that is specifically designed for surface 
mounting inside a bell or siren cabinet. This type of plunger switch 
may also be mounted on the sill of an = outward-opening casement window 
so the sash of the window will compress the plunger when the window is 
closed. 


MAGNETIC SWITCH 


A magnetic switch consists of two separate parts, the switch and the 
magnet. Except for a pair of screw terminals on the switch, both parts 
are physically identical. One part is a short rod of permanent magnet 
sealed in a plastic enclosure. The other Part contains a clever awitch— 


ing mechanism. 


Inside the switch housing are a pair of contact arms. One arm is 
stationary, the other is pivotal. The pivoting contact is held apart 
from the stationary contact by the light pulling force of a tiny, 
bronze, coil spring. The arm of the pivoting contact is made of fer- 
rous metal, which is receptive to magnetic influence. When the magnet 
is brought into close proximity with the switch, its force outweighs 
that of the coil spring and the Pivoting arm is drawn sharply into 
contact with the stationary arm. 


The screw terminals on the switch housing are extensions of the 
internal contact arms. When the two arms are drawn together by the 
magnet ‘'s influence, continuity is established between the screw 
terminals. When the dominating magnet is withdrawn, the force of the 
Coil spring is restored and the Pivoting contact is pulled away from 
the stationary contact. 


The operation of ‘a magnetic switch may be observed by applying the 
probes of a meter, (set to read continuity), to the screw terminals of 
the switch and observing the behavior of the needle: (See Fig. 9-1, 
next page.) When the switch is separated from the magnet, (1/4" or 
more), its internal contacts remain open and there is no continuity, 
thus the needle will not move. When the magnet is brought close to the 
switch its internal contacts snap together and the needle Swings sharp— 
ly to the right, indicating continuity between the screw terminals. 
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Fig. 9-1 


Because of its clever, two-part design, the magnetic switch is 
compatible with a wide variety of applications, the most typical of 
which are depicted in Fig. 9-2, below. 


1 2 


Protective ircul 


WINDOW WINDOW 


In Fig. 9-2, a series of five magnetic switches are seen applied to 
a door and two windows. The switches are shown as A, the magnets are 
B. The door switch is mounted on the door frame immediately over the 
upper edge of the door. A magnet is mounted on the door directly be— 
neath the switch, holding the internal contacts closed and maintaining 
continuity through the switch. 


The windows represented in this diagram are the standard, double- 
hung type. The switches are mounted on the window frames, the magnets 
are mounted on the sashes. With the window switches and magnets ar- 
ranged as shown, normal movement of the upper and lower sashes is 
unobstructed. 


The magnetic switch described above is the surface-mounted type. It 
may be fastened to either a wood or metal surface with a pair of 1/2" 
(#6) screws. The ideal spacing between magnet and switch is 1/8". 
When the mounting surfaces for the magnet and switch are offset, making 
it difficult to align the two segments, plastic spacers (and specially 
designed brackets) are available to compensate for the offset distance. 


The plastic spacers, (or "shims"), are 1/8" thick and conform to the 
mounting base shape of the magnet or switch. Whenever a magnetic 


switch is used on a ferrous metal surface, at least two spacers should 
be used to move the magnet and switch farther away from the mounting 
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surface. Otherwise the metallic mass will absorb energy from the 
magnet and weaken its effect on the switch. 


Other types of magnetic switches are available for special applic~ 
ations. The shape and construction of these devices are different but 
the same operating principle applies to each of them. 


a Z 


Item 1 is a sealed, cylindrical magnetic Switch, which is 1/4" wide 
X 1-1/2" long. Instead of screw terminals for connecting it into a 
protective circuit, a pair of wire tails is provided for soldering to 
the protective circuit wiring. 2 is a bare (not sealed in Plastic) rod 
of permanent magnet, which is the same size as the switch. 3 is a 
Plastic mounting tab, curled at one end into a loop which accomodates 
the magnet or switch perfectly. On the back of the tab is an adhesive 
pad for convenient, stick-on mounting. This type of switch is commonly 
used on horizontal sliding, aluminum-frame windows, (on which the rect— 
angular type described above cannot be used because of their shape and 
Size.) A cylindrical switch and a magnet are slipped into separate 
mounting tabs. The switch is stuck to the frame above or alongside the 
sliding window. A magnet is stuck to the edge of the window glass in 
alignment with the switch. The mounting surfaces should be cleaned 
with alochol before applying the tabs or the adhesive is likely to 
fail. 


This type of magnetic switch is also appropriate for concealed ap- 
Plications. One common example is that of boring a 1/4" hole up 
through a door-frame, and another 1/4" hole down 1-1/2" into the upper 
edge of the door. Both holes must be carefully aligned. The switch is 
fitted into the hole in the frame, with the wire tails extending upward 
into the hollow above the frame for connection to the protective cir- 
cuit. The magnet is fitted into the hole in the door edge. When the 
door is closed the magnet is aligned end-to-end with the Switch. The 
foregoing arrangement also applies to wood-frame, double-hung windows, 
(both top & bottom), when a totally concealed installation is 
desirable. 


A large, heavy-duty magnetic switch set, both parts encased in cast 
aluminum, is available for protecting roll-up garage and warehouse 
doors. This switch has a long pair of connecting wires extending from 
one end, protected.within a 24" length of flexible, 1/4" aluminum tub- 
ing. The switch may be surface-mounted or set in poured concrete on 
the floor just inside the door and alongside the frame, where the tube 
is bent around the frame and upward along the inner wall. The wire 
tails are connected into the protective circuit. The magnet is attach— 
ed to the lower edge of the door immediately above the switch. When 
the door is rolled down, the magnet engages the switch. This type of 


switch should not be used on roll-up doors which are loosely hung and 
subject to movement, (from wind, vibration, bumping, etc.) 
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LEAF SWITCH 


The Zeaf switch jis named for the flexible strip (leaf spring) that 
extends from one side. This device is operationally similar to the 
Plunger switch. It is equally inexpensive and very simple to use. 


The major difference between the leaf and the plunger switches is 
that the leaf switch is surface mounted. Note that there are two pairs 
of mounting holes on the body which enable the (1" / #6) mounting 
screws to be inserted either from the top or side of the device. 
Connection to the protective circuit is made via the pair of screw 
terminals seen on the front side of the device. 


The leaf switch is a quick, handy, inexpensive way to protect any 
type of opening which is covered by a movable barrier, such as ai roof 
hatch, trap-door, etc. The device is mounted close to the barrier soa 
that the leaf is compressed by the barrier when it is closed. Compres-— 
sion of the leaf engages a pair of internal contacts. Relaxing pres- 
sure against the leaf separates the internal contacts, triggering the 
alarm. . 


MERCURY SWITCH 


STIS 


The principle of a mercury switch is expressed in the above diagram: 
Seen on the left is a laboratory flask which is partially filled with 
mercury, a highly conductive, heavy liquid substance. Two rigid wires 
are passed through the cork in the flask and extend downward into the 
mercury. The probes of a meter (set to read continuity) are attached 
to the external ends of the two wires, indicating that the mercury is 
conducting an electrical current between the two wires. On the right 
the flask is shown tilted to one side, withdrawing one of the wires 
from the conductive mercury. As indicated by the zere continuity 
reading on the meter face, the effect is identical to opening the 
contacts of a switch. 


The portion of the wires inside the flask are regarded as internal 
contacts, the tips of the wires extending outside through the cork are 
the exterior terminals. Thus there is no functional difference between 
this ingenious device and any other switch. Mechanically, the mercury 
switch is operated by simply tilting it. 


Mercury switches come in many shapes and sizes and are used in a 
wide variety of applications, such as switching on the light in an 
automobile trunk when the hatch is raised. Regardless of the shape of 
its housing, inside every mercury switch is a sealed glass vessel with 
a pair of contacts and a pair of terminals arranged essentially the 
same as in the flask example seen above. In order to adjust the 
Sensitivity, or angle of activation of a mercury switch, the vessel 
itself is suspended on some type of mounting bracket. The type of 
mercury switch used in burglar alarms is represented below: 


A is the mounting bracket. Bis the switch. C is the adjustment 
screw. 
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After the bracket is fast- 
ened to the mounting surface, 
the probes of a meter are at-— 
tached to the terminals of the 
switch. The angle of the 
switch is then adjusted to par- 
tially tilt the vessel. The 
objective is to cause activat— 
ion when the mounting surface 
is tilted two or three inches 
in its opening direction. 


A mercury switch may be used 
to monitor a hinged = skylight 
cover, transom, cellar door, 
trap doors, or whatever applic— 
ation calls for this type of 
sensor. A special-purpose door 
cord (C) is available with a 
flexible connecting cable and a 
terminal block attached, for 
applications like the one seen 
on the lefts 


This version enables the 
attachment of a foil pattern to 
the terminals of the switch (A) 
which is mounted on a transom. 
The terminal block (B) is fast- 
ened to the adjoining frame. 
The flexible cabie, (called a 
door cord), enables free move- 
ment of the transom when the 
alarm is not in use. 


When the alarm is switched 
on, disturbance of the foil pat- 
tern or movement of the transom 
will activate it. 


No sensors are shown on the 
door below the transom because 
it is not relevant to this dis-— 
cussion. However, if a magnet— 
ic switch were used, it could 
be connected in series with the 
protective circuit connection 
to the terminal block of the 
mercury switch, (at B.) 


TRAPS 


Although the clip trap goes back to the stone age of burglar alarm 
technology, it continues to afford a simple, inexpensive means of mon- 
itoring a variety of situations, such as ventilator openings, window- 
mounted air conditioners, garage doors, etc. 


The clip trap shown above consists of two parts: A is the plug, B 
is the Jack. Both parts are seen in the center diagram with their 
covers on, engaged as they would be in actual service. There are two 
different ways to use a clip trap, one is called a "live trap," the 
other is a "dead trap." 


Protective Circuit 


Figure 12-1 


An example of a Iive trap is shown above, applied to the grille of a 
ventilator duct: Note that both legs of the protective circuit wiring 
are connected to the screw terminals of the jack (B), which is fastened 
to the wall just below the duct. The continuation of the protective 
circuit is connected to the screw terminals of the Plug, (A). The pro- 
tective circuit wiring is securely fastened to the wall at the points 
marked X. 


When A is plugged into B, the path of electrical continuity may be 
seen by examining the diagrams of both parts: The blades seen protrud— 
ing downward from the plastic base of the clip are metallic extensions 
of the terminal screws visible on top. The hooked posts in the center 
of the jack are shaped strips of spring steel, spaced to hold the 
clip’s blade firmly when it is inserted. 
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It is not uncommon for a burglar to wriggle through a ventilator 
duct and cut through or kick out the interior grille. As seen in Fig. 
12-1, if the grille is kicked out the clip will be dislodged from the 
jack. If the burglar reached through with a tool to cut the wire the 
effect would be the same, thus the name iive trap. This clip trap 
arrangement enables removal of the grille for cleaning and maintenance 
without need to disassemble a more permanent type of wiring. 


A typical use for the dead trap is that of a floor-level trip wire, 
which is useful in simple, "low risk" applications such as a taol shed, 
or the trip wire may be passed through a hole in a wall and stretched 
across an exterior driveway or path, enabling the outside of a premises 
to be monitored by an interior alarm system. The same type of clip 


trap may be used for a dead trap, with two major differences in the 
wiring: 


+) 
ond 
=] 
1S) 
Ww 
tt 
oO 
v 
> 
‘4 
w 
1?) 
iV) 
w 
° 
a] 
Ay 


In the above example, the jack (B) is wired in series into one leg 
of the protective circuit (in the usual manner.) The plug (A) is not 
used as a live continuation of the protective circuit. Instead, a 
short jumper wire (C) is connected across its terminals to affect 
continuity when it is plugged into the jack. (Review the drawings of 
the two parts if this is not clear.) 


A length of fine, black fishing line, (at least 20% test), is at— 
tached to A and stretched at baseboard height, where it is fastened at 
an anchor point shown as X. Trip wires of this type, strategically 
Situated within a darkened premises are a simple, efficient, economical 
way to protect a low-risk premises. 


The floor-leve] trip wire is but one way to use a dead trap. An- 
other technique is to stretch the wire across a closed door, tack it to 
the lower sash of a window, or use it in any manner dictated by common 
sense and imagination. Its range of applications is limitless. 


Any action which causes the plug of a dead trap to be withdrawn from 
its jack will initiate an alarm. 


Any action which causes the plug of a live trap to be withdrawn from 
its jack-- or severs the supervised trip wire (as shown in Fig. 12-1)-- 
will initiate an alarm. 
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VIBRATION DETECTOR 


The vibration detector used in contemporary burglar alarms is an 
adaptation of the "tremolo" switch, which was devised by the British 
cloak & dagger service (during WW-II) for detonating vehicle bombs in 
sabotage operations. While the tremolo was designed to close a circuit 
upon sensing vibration, the burglar alarm version opens a circuit. 


The device is approx. the size of pack of chewing gum. 
On the left are side and front views of a typical vib- 
ration detector, (with its cover removed.) A is the 


ae pendulum, a small, cylindrical brass weight fastened to 
a thin strip of spring bronze. Bisa pair of terminal 
~<A screws. The base of the device is non-conductive plas- 
tic. Note that another thin strip of bronze extends 
~<— 8B from the lower terminal screw, upward and under the 
pendulum. Not shown in this diagram is a sensitivity 


adjustment screw, which adjusts the spacing between the 
pendulum and the bronze strip beneath it. 


The device is fastened to a solid, vibration-free surface, (e.g. a 
brick wall), which might be penetrated by extremely forceful means, 


such as hammer-blows, drilling, etc. (Breaking through cellar walis of 
adjoining commercial premises is not an uncommon entry method when the 
stakes are high enough.) It may be fastened with screws but epoxy 


cement provides a better union with the mounting surface. 


After the device is fastened, the probes of a meter are applied to 
its terminal screws and the sensitivity adjustment screw is slowly 
rotated clockwise until the meter indicates closed contact between the 
pendulum and the conductive strip beneath it, by swinging fully to the 
right. The adjustment screw is then backed off until the meter needle 
drops back, indicating loss of contact. Then, by alternately pounding 
on the mounting surface and re-adjusting the sensitivity screw, the 
device is "tuned" to detect a forceful attack on the protected wall. 


a meter (set to read continuity) the proper indication 
will occur as a slight bounce of the needle, not a fixed, wide movement 
to the right as occurs with a solidly closed circuit. A sharp blow 
(within 12° radius) should cause the 
needle to move slightly and fall back. Keep in mind that a protective 
circuit relay is extremely "fast" and sensitive, and will react to the 
slightest disturbance in the flow of supervisory current through it; 
therefore the slightest fluctuation of the meter needle represents a 
sufficient disturbance to trigger the alarm. 


When using 


a 


Consider that a blow struck while testing the device will not be as 
severe as would be those struck in an actual attack on the wall, so the 
difference must be experimentally projected. Be careful not to adjust 
the sensitivity too high, or false alarms will result from such routine 
events as thunderstorms, passing trucks, etc. When the sensitivity is 
properly adjusted, connect the protective circuit to the terminals and 
screw the cover on the device. (Not too tightly, or the sensitivity 
adjustment might be altered.) 
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LACING 


Wire lacing is a very simple way to monitor a door or window that is 
never used, a weak section of wall, a workshop skylight and situations 
where the use of switching sensors, (magnetics, etc.), is neither 
necessary nor practical. 


PROTECTIVE CIRCUIT 


Lacing is simply a continuous pattern of fine, brittle wire, (either 
bare or insulated), which is fastened in an even pattern across the op- 
ening or barrier to be monitored. The door shown above opens inward 
and is fitted with three panels, any of which could easily be kicked in 
by a burglar. It is situated in an area where appearances are not an 
important concern, so lacing is the ideal sensor for it. 


The pattern was created by driving ordinary carpet tacks into the 
door-frame on both sides of the door at 2" vertical intervals. The 
tacks are driven in only partially, leaving about 1/8" extended to wrap 
the lacing wire around the heads. Begin forming the pattern by wrap- 
ping about four turns around the first tack, leaving a short tail hang- 
ing to splice into the protective circuit. Then stretch the lacing 
wire across to the corresponding tack and wind four turns around it. 
Move the wire down to the tack below the one just wound, wind another 
four turns and stretch across the door again. Repeat the process until 
the pattern is completed, leaving another tail hanging at the last 
tack, then gently drive the tacks almost flush with the wall. (A hard 
hammer blow will easily break the wire.) Splice the pattern into the 
Protective circuit as shown and the job is finished. 


While a lacing pattern is easy to by-pass, (by attaching a jumper to 
the strands at the top and bottom), access to the pattern would be nec- 
essary. To penetrate this pattern without breaking any strands would 
require careful, skillful cutting of the door, which only a sophisti- 
cated thief is capable of. This type of sensor is not recommended for 
any type of high-risk application, however it is adequate for protect— 
ing against the average, unsophisticated, "crowbar" burglar. 


Lacing patterns are useful for monitoring potential points of force- 
ful entry onto low or average-risk premises such as flimsy, adjoining 
walls, unused doors, windows and skylights, etc. 


Ventilator ducts are commonly protected by fastening a Jaced frane 
(next page) over the interior grille. 
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PROTECTIVE CIRCUIT 


A laced frame is easily constructed from two sections of wood frame 
(of optional shape and size) which are made from i" x 1/2" strips. 
Thumb tacks are used to stretch the lacing onto one of the frame sec-— 
tions. When the pattern is completed, the second section is applied 
Over the first (leaving the two connecting tails hanging out), a hole 
is drilled through each corner of the frame and it is fastened over the 
ventilator grille. Again, this type of sensor should be used only when 
the maximum level of attack sophistication is that of a burglar squeez— 
ing through the vent and kicking out the grille-- breaking the lacing 
strands at the same time. (This diagram shows the completed frame, not 
the unfinished sections.) 


More sophisticated versions of laced screens are available, made to 
order according to size. One type is a finely-crafted window screen 
that looks no different from ordinary screen but has insulated lacing 
wire woven into the screen material. Because the cutting or removal of 
window screens is an extremely common practice in residential burglar— 
ies, screens of this type are uniquely efficient perimeter monitoring 
devices. They will activate the alarm if the screen is cut or removed. 


Also available from commercial suppliers are pre-assembled screens 
which are made from basswood dowels that have the lacing wire imbedded 
in them. The wiring of these screens incorporates both legs of the 
protective circuit rather than just one, as a measure of protection 
against ‘by-pass’ by the jumper method mentioned above. This technique 
Presents the burglar with a random arrangement of strands, some of 
which are extensions of the + (positive) leg of the protective circuit 
and some of which are extensions of the — (negative) leg. If a Jumper 
is attached to a positive and a negative strand, the protective circuit 
will be shorted at that point and the alarm will be activated. (See 
the section on SHORT CIRCUITS if this principle is not clear.) 


The wire used for lacing is available from specialized suppliers and 
is designated as hard-drasm copper wire. This type of wire is especial- 
ly suitable for lacing because of its brittle, non-resilient nature. 
It will not stretch as will normal copper wire but will break easily if 
stress is applied to it. 
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SWITCH MAT 


Switch mat is available in rolls of 10 to 25 ft. long x 30" wide and 
may be cut to any desired length for placement under carpeting. The 
mat is made up of individual strips, arranged one next to another and 
sealed within a thin, plastic cover. Each strip is an individual sen- 
sor, consisting of two metallic strips which are held apart by a resil- 
ient, insulative material. When the mat is compressed the two metallic 
strips are forced into contact, which closes a circuit. A wire tail 
extends from each metallic strip. When the mat is intact, the wire 
tails serve to conjoin the separate strip segments. The full-length 
mat may be placed beneath a carpet, or it may be cut up into individual 
segments (strips) which may be distributed over a wider area. Each 
section (individual strip) cut from a mat has it’s own wire tails for 
attachment into a protective circuit, 50 a full size mat will yield 
several smaller sections or a large number of individual strips. 


MAT 
CONVERTER 
— 


PROTECTIVE CIREUET 


Because of the simple nature of switch mat construction, which 
amounts to several pairs of metal contacts (strips) held apart by thin 
springy material, it maintains an open circuit until compressed, (by a 
footstep, etc.) Because a sensor which maintains open contacts cannot 
be series connected into a protective circuit, a device called a gat 
converter must be used. A mat converter contains a simple circuit that 
reverses this status, presenting a closed contact status to the protec— 
tive circuit until the mat is compressed—- at which point the converter 
shows open contact status. An alternative to using a mat converter is 
seen below: The mat is wired directly to the protective circuit in 
parallel (compare the connections in both diagrams) so that closure of 
the mat's contacts imposes a short circuit. When this wiring method is 
used, the protective circuit battery cannot be wired as shown in Fig. 3- 
1, in SHORT CIRCUITS. Review the section on SHORT CIRCUITS if this 
principle is not clear. 


PROTECTIVE re oe Oey Sh ae 
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PROTECTING GLASS 


& number of imaginative movie sequences have created the notion that 
plate glass is easily penetrated by scratching it with a glass-cutter 
and removing the scored section with a (suction-cup) glazier’s handle. 
While this is a very good trick for the movies, it is virtually 
impossible to penetrate a mounted glass pane in this manner! The 
proper use of a glass cutter calls for an experienced hand and rigid 
support directly behind the section being scribed. Once the pane is 
scribed, it must be sharply tapped from the opposite side to effect a 
clean separation. 


Burglars do not use cutters on glass. They either remove the entire 
pane by prying away the moldings that hold it in place, or they smash 
it out! Before smashing a glass pane, a_ sophisticated burglar will 
cover it with wide strips of duct tape to minimize shattering, and sup- 
press the noise with several thicknesses of soaked newspaper. There- 
fore one should never be confident that the factor of noise will dis-— 
courage a burglar from breaking glass, especially a smaller pane, to 
gain entry. 


An efficient method of protecting glass is to apply a continuous 
strand of conductive foil ribbon around the edges of a pane on the 
interior side, and connect the ends of the strand into a protective 
circuit. If the pane is shattered, the foil conductor (which is the 
equivalent of a strand of fragile wire) will be torn, interrupting the 
flow of current through the protective circuit-- which triggers the 


alarm. 


Applying fail to glass is a simple procedure but making a neat job 
of it requires some practice. By experimentally applying a foil pat-— 
tern to a small pane of glass, then scraping it off and doing it over, 
the technique may be mastered in a few hours. The following is a list 
of the items required, along with a description of the technique for 
applying foil to window panes. 


Foils Comes packed on 1 1b. rolls of 3/8" wide ribbon. A 
roll contains several hundred feet, which is enough for 
dozens of large windows. 


Foil Dispensers The most convenient way to work with foil 
is to suspend the roll above the working surface so the rib- 
bon may be drawn downward as it is applied. This keaps it 
out of the way and prevents tangling. A special dispenser is 
made for this purpose. It is simply a pair of flat discs 
that clamp onto the roll and are held in place by a screw-on 
knob. #@ bracket extends from the one disc for hanging the 
dispenser on a nail. (If a dispenser is not available the 
roll of foil may be hung on a loop wire or heavy string.) 


Varnish, Thinner and Brush: Ordinary white varnish is 
used as both adhesive and sealer. (A small can is plenty.) 
Also, a can of benzene or a similar thinning agent will be 
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needed, along with a short, wide-mouth jar. (A small, clean 
peanut~butter jar is ideal.) An ordinary, 3/8", flat-—tip 
artist's brush is used to apply the varnish. 


Squeegee: A very handy item to use as a squeegee for 
smoothing foil ribbon to a glass surface isa Rubber maid 
dishwashing scraper, with the handle cut off. (One that's 
been used and softened by hot water won’t work very well.) 
If this item is not available, the shoulder of ai matchbook 
cover may be used. 


Tailor’s Chalk and Marking Guides An ordinary piece of 
(white or yellow) tailor’s chalk is perfect for marking a 
Quide-line around the edges of a glass pane. The guide lines 
are marked on the outside of the glass and are used to align 
the pattern as the foil is applied on the inside. The gquide- 
lines are marked by running one edge of a rigid, square guide 
alongside the edges of the window frame while holding the 
chalk against the opposite edge of the guide. An ideal mark-—- 
ing guide is a 2-1/2" square block of wood for a small win- 
dow, or a 3-1/2" block for ai large window. In a pinch, a 
deck of playing cards or a cigarette box may be used. 


Splicing Tools When an applied strip of foil is torn or 
scratched it is easily repaired by splicing, or applying a 
patch that overlaps the separated ends. When a splice or a 
patch is completed, it is necessary to Puncture several holes 
through the overlapping ends of the patch or splice. A spec 
ial tool is available for this purpose; it is a small, multi- 
toothed disc, mounted like a wheel on a pencil-size handle. 
This tool looks very much like a miniaturized version of the 
gadget used to cut a pizza into sections, but instead of a 
cutting edge the blade has pointed teeth: Instead of cut-— 
ting, the wheel‘s teeth penetrate the over-lapped sections 
very neatly and efficiently. If this tool is not available 
any type of pin may be used. (No less than a dozen holes 
should be punched through each overlap.) 


fo 


SPLICING 
FOIL DISPENSER BRUSH TOOL 


A short step-ladder is usually needed to provide a comfortable 
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working position through the separate stages of the foiling procedure. 
If the roll of foil cannot be suspended and centered over the working 
surface, it should be hung either on the belt or on a hook screwed into 
the edge of the ladder shelf. 


Before beginning, fill the wide-mouth jar halfway with thinner. The 
glass must be clean, and the areas to be foiled should be wiped with de- 
natured alcohol or mineral spirits to remove any oily film. 


PROTECTIVE CIRCUIT 


Above is an illustration of a finished foil pattern applied to a 
pane of glass which might be a picture window in a living room or a 
Plate glass window in a commercial premises. Note that the pattern 
begins at 1 and. progresses through a sequence of six, right-angle cor- 
ner bends. In this example the pattern is terminated at the upper 
center of the window, which does not imply a standard or a rule: A 
foil pattern may be terminated anywhere on the window. The determining 
factors are appearance and wiring convenience. 


The following page shows a numbered sequence of the steps involved 
in applying a foil pattern to a window pane. In this case the pattern 
terminates at the upper left edge of the frame. The faint, broken line 
represents the guide-line marked with tailor’s chalk. 


The first step in the procedure is applying the adhesive: If the 
varnish is not fresh, a few drops of thinner should be stirred in to 
avoid a thick, gummy consistency. A thin coat is applied along the 
guideline, leaving approximately 1/2" of dry space next to the frame 
for attaching a take-eff bleck, to which the foil tails will be 
connected. Continue the varnish coat along the guide-line through the 
progression shown in Steps 2 & 3, and stop there. 
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If the adhesive coat is continued around the entire pane before 
beginning to apply the foil ribbon, by the time the fourth or fifth 
sections are foiled the adhesive will have dried out on the remaining 
sections. While an experienced installer is usually able to apply the 
adhesive coat around the entire pane and follow it rapidly with 
straight, accurately positioned strips of foil, a beginner should 
follow the progression slowly and carefully. After three sections of 
adhesive coat are applied, wait a few minutes until the first section 
becomes tacky, (sticky and almost dry.) If the ribbon is applied over 
freshly laid (wet) adhesive, it will slide around and tend to fall away 
from the glass. 


A short section of foil, (see Step 1), is held by the thumb and 
forefinger of both hands, with a4 —- 6 inch leader dangling from the 
left hand. This first section is aligned with the quide-line, pressed 
in place with the thumbs and smoothed with a fingertip. The corner bend 
is made by simply folding the foil over itself as shown in the diagram 
below. 


Fold the first bend upward as seen in Step 2, then fold the second 
bend and apply the third section, which is the upper, horizontal strip 
seen in Step 3. Pause at this point, dip the squeegee into the thinner 
to lubricate it, then use it to smooth the foil tightly to the glass. 


Shake off the brush (which has been standing in the thinner jar to 
prevent the bristles from hardening) and apply a line of adhesive to 
two more sections, (4 & §.) Then follow the same procedure through 
Steps 6 & 7, but leave another 1/2" of glass dry between the edge of 
the frame and the last line of adhesive applied. When the last strip 
of foil is applied, tear the ribbon from the roll, leaving another 4 to 
6 inch leader hanging loosely as seen in Step 7. 


The darkened arrows in Step 8 point to the terminal ends of the foil 
pattern. The ends of the ribbon are attached here to a pair of foil 
take-off blocks. 


FOIL TAKE~OFF BLOCK 


A take-off block is a small, plastic platform with sloping edges and 
a 3/8" recessed channel that accomodates the hanging ends (leaders) of 
the foil ribbon. A metal retainer plate (seen in the upper right 
diagram) is fitted into this channel and secured by a small screw. 


+ 
Foil Strip Ne | + \ ~<—— Retainer Plate 
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The take-off block has an adhesive pad on its underside, by which it 
fastens to the glass surface. The reason why 1/2" spaces are left un- 
varnished at the edge of the frame near the terminal points of each pat- 
tern is to accomodate the take-off blocks. These 1/2" spaces should be 
wiped clean with denatured alcohol before applying the take-off blocks, 
or the adhesive might fail. 


After the blocks are firmly mounted, apply a final dab of varnish at 
the foot of each block, squeegee the hanging tails of ribbon right up 
to the edges of the block, smooth the hanging tails of ribbon into the 
channel of the block, seat the retainer plates and tear off any excess 
foil. The retainer screws are used to connect the foil pattern into 
the protective circuit. To finish the job, apply a liberal (but neat) 
coat of varnish over the foil pattern to seal it. 


Step 9 depicts electrical continuity through the completed foil 
pattern. To test the pattern for continuity, apply the probes of a 
meter to the terminal screws of the take-off blocks. 


The foregoing procedure describes the "old way" of applying foil, 
which is the best way. The new way is essentially the same, except 
that a time-saving, "self-adhesive" type foil is used, which requires 
no varnish coat. This type of foil is backed with a peel-off strip, 
much like a band-aid. It is much easier to apply: one just strips off 
the backing, sticks it on and applies the sealer coat. While every- 
thing appears to be the same, the problem with self-adhesive foil is 
that it’s distinctly thicker, heavier and stronger than the fragile, 
non-adhesive variety. Because the objective of window foil is to sep- 
arate (tear) easily when stress is applied, the stronger it is the less 
efficiently it will perform. This brings up a very important factor 
which was not covered above: 


43 


The “old-fashioned,” non-adhesive foil is extremely soft and pli- 
able. It stretches easily, so the first stage of a beginner's practice 
should be that of experimentally stretching a few lengths of foil rib- 
bon to become familiar with its tolerance and breaking point. When ap-— 
plying the foil each section should be stretched as it is pressed onto 
the glass, rather than just laid on like adhesive tape. The purpose of 
this stretching is to produce a thin, tight skin on the glass that will 
easily separate when a crack opens beneath it. 


When plate glass shatters, several generations of cracks are dis- 
tributed downward and outward. Even though the typical foil pattern is 
applied just a few inches from the edges of the pane, it is extremely 
rare that the cracks will not extend down and out’ to pass underneath 
the foil pattern at the sides and bottom. A tightly stretched skin of 
non-adhesive foil is far more likely to separate from the stress of a 
fine crack than is the heavier, self-adhesive type. So the extra time 
and work involved in doing it the “old way" has paid off in many 
instances. 


When a section of foil is scratched or torn it can easily be repair— 
ed by applying a patch: A razor blade is used to dress the scratched 
or torn ends, leaving a clean gap between them. A represents the dres- 
sed ends of the damaged foil section. B represents clusters of punc— 
tures through the patch, wedding it to the severed ends beneath. 


B 


Foil Strip 


Foil Strip 


Dip a pad of soft steel wool (000 grade) in thinner and use it to 
(gently) rub away the dried sealer coat of varnish from the trimmed 
ends. Then apply a thin coat of fresh varnish to the ends, span them 
with a 2" length of new foil (seen as the shaded area in the above 
diagram) and squeegee this patch firmly in place. Use either a splic— 
ing tool or a pin to puncture at least a dozen holes through the 
overlapped sections, as shown below. 


Patch iit) dull ae Pate® 


BREAK 


Above is a side view of a broken strip of foil which has been span— 
ned with a patch: The clusters of arrows denote punctures. Finish the 
patch by applying a sealer coat of varnish. Then apply the probes of 
meter to both sides of the patch to test for continuity. (Disconnect 
the foil pattern from the protective circuit before making this contin-~ 
uity test.) 


It is sometimes necessary to apply foil to a grouping of multiple 
panes in which it is not practical to terminate each separate pane with 


a separate connection into the protective circuit. The following dia— 
gram depicts this kind of situation. 


44 


PROTECTIVE CIRCUIT 


This diagram represents two horizontal rows of small glass panes. 
A separate foil pattern is applied to each pane. The dots seen at the 
termination points of each pattern represent take-off blocks. Note 
that there are only two termination points on pane #1. The arrows 
point to a pair of short jumper wires, (cut from ordinary 22 ga. pro- 
tective circuit wire), which connect the pattern on pane #1 to the pat-— 
tern on pane #2. Pane #2 is connected to pane #3, 3 to 4 and so on. 


This arrangement of panes is not typical (except on garage doors.) 
The purpose of this diagram is to show that the basic configuration of 
a foil pattern should follow the contour of the pane it is applied to, 
and that the termination points are determined by the wiring require- 
ments. Note that each separate pattern is a basic square, but the 
termination points vary according to the connection requirements. The 
patterns on each of the separate panes are connected in a way that af- 
fords series continuity throughout th entire sequence. The final term-— 
ination points are seen at the top of pane #8, where the entire group- 
ing is connected into the protective circuit. 


Observe that the protective circuit wires are marked to indicate 
polarity (+ - ). .In this example, the positive (+) wire is cut to 
accomodate the connection. Using a pen or pencil, follow the + leg of 
the protective circuit through the entire "maze" of connected patterns, 
from pane #8 to pane #1, and out again. This will graphically demon- 
strate the principle of a continuous series circuit, showing the path 
that the 3 volt supervisory current will follow. 


The alternative to applying foil ribbon is to use a specially de- 
signed sensor called a GLASS-BREAK DETECTOR, a small, circular device 
that attaches to a glass surface by means of a self-adhesive backing. . 
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The single advantage of glass-break detectors, as opposed to foil 
ribbon, is ease and simplicity of installation: All that is required 
is to peel away the protective coating from the adhesive backing on the 
device and press it in place on the glass, (after wiping the mounting 
surface clean with alcohol!) A pair of wire tails extend from the de- 
vice for splicing directly into the protective circuit wiring. Before 
this connection is made the probes of a meter are attached to the leads 
so the sensitivity level of the device can be adjusted: 


While a glass-break detector is not classified as a “vibration de- 
tector," it operates by sensing the high-frequency vibrations which are 
generated by the sharp crack of shattering glass. 


The device on the right (above) is rated to detect glass breakage 
within a 32 square ft. area, which works out approximately to a 4‘ x 8’ 
section. The diagram on the left represents an 8° x @’ pane with two 
detectors applied to the glass and wired into a protective circuit. 


The drawbacks of using glass-break detectors instead of foil are 
cost per device and a somewhat greater potential for false alarms. 
This does not imply that glass-break detectors are inherently false- 
alarm prone. But they are activated by sensing a high-frequency 
vibration—- which might be generated by events) other than actual 
breakage, such as a flying pebble striking the protected pane, etc. 


A high-quality glass-break detector is capable of providing years of 
stable, reliable protection, and is recommended for large, stationary 
Panes such as residential picture windows and plate store-front win- 
dows. However, they are less practical for use on smaller, movable 
panes such as the average double-hung and sliding aluminum window. The 
Problem here exists in the volume of individual detectors needed and 
the requirement to wire each of them with a flexible cord to enable un-— 
impeded movement of the sash. (Remember that the detector is applied 
to the glass and its wiring must be carried onto the stationary, sur- 
rounding area.) The problem of carrying the protective circuit onto a 
movable window sash is solved in the following manner. 
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PROTECTIVE CIRCUIT 


The device on the left is a simple but clever, two-part set of con- 
tacts that serves two purposes: It provides continuity from the pro- 
tective circuit to the foil pattern and acts as a sensor to detect 
movement of the sash. 


Ais a plastic block with a pair of screw terminals on top. On the 
bottom of this block, (not visible in the drawing), are a pair of metal 
Plates which are direct extensions of the screw terminals. This block 
is fastened by screws to the window sash shown on the right. 


Bis another block with a pair of screw terminals on its front. 
This block is fastened to the window frame with screws. Protruding 
from the top of this block is) a pair of leaf springs which are aligned 
to contact the metal plates at the bottom of A when the window is clos— 
ed. These leaf springs are direct extensions of the screw terminals on 
the front of the block. 


Note that the foil pattern is connected to the screw terminals on A, 
while the protective circuit is connected to the screw terminals on B. 
When the sash is closed, tight contact between A and 8B is effected by 
compression of the leaf springs of B against the metal plates of A. 


PHOTOELECTRIC DETECTOR 


The photoelectric detector is commonly referred to as an "electric 
eye." It consists of two separate parts, a transmitter and a receiver, 
each of which operates independently, served by its own power source. 
The receiver of a modern photoelectric contains a highly sophisticated 
receptor cell which is sensitive to a pulsed, infra-red beam. Its com- 
Panion transmitter projects a beam which is invisible to the naked eye 
and cannot be defeated by superimposing a secondary, bypass beam. 
(Early photoelectrics emitted a highly consipcuous beam, and could eas— 
ily be compromised by aiming the beam of an ordinary flashlight into 
the receiver to override the companion transmitter.) 


The transmitter serves the single purpose of emitting a beam, which 
is aimed directly into the eye (lens) of its companion receiver. The 
beam excites a photocell within the receiver, causing a pair of intern— 
al contacts to switch closed. These contacts are continuous with an 
external pair of terminal screws, which in turn are wired into a pro- 
tective circuit. When the transmitter‘’s beam is momentarily interrupt— 
ed, the internal contacts instantly switch open, activating the alarm. 


Photoelectrics are available in a variety of distance capabilities, 
ranging from 50 to 1,000 feet and weatherproof versions are available 
for outdoor application. Modern photoelectrics are generally stable 
when properly aligned, but both transmitter and receiver must be se- 
curely fastened to a rigid, vibration-free mounting surface. The im- 
portance of this requirement increases in proportion to the distance 
between transmitter and receiver. 


=————— Bell mounted on exterior wall 


The layout shown above depicts a photoelectric applied to a very 
common industrial situation, a factory corridor with a number of win- 
dows along one wall, spanning a distance of approx. 250 feet: It is 
often difficult to protect such an area with foil patterns or indiv- 
idual window switches because of multiple panes, (often broken), and 
deteriorated stone and metal fittings. 
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The diagram shows a photoelectric transmitter (T) mounted at one end 
of the wall and the companion receiver (R) at the other end. The beam 
is projected across each of the eight windows and positioned so that an 
entry through any window would unavoidably interrupt it. 


Both transmitter and receiver are powered (via 12V DC transformer) 
by 110 AC, but both units must be equipped with an internal, trickle- 
charging standby power supply to maintain stability during momentary or 
prolonged power loss. 


No other sensors are shown in this system. The receiver is wired 
directly to a protective circuit which is energized by a power supply 
within the control panel. 


There is an endless variety of possible applications for the photo-— 
Plectric detector, each of which must be evaluated on the basis of 
environment and other circumstances. Currently, the most popular type 
of photoelectric detector is the cleverly designed version shown below-~ 
which is disguised as an ordinary wall receptacle. 


There are two parts to this device, one of which is simply a re—- 
flector. It, too, looks like a wall receptacle but its only purpose is 
to bounce the beam back from the transmitter (A) to the receiver (B), 
both of which’ are built into the same housing. The transmitter/ 
receiver unit is flush mounted in the same manner as any normal wall 
receptacle, or it may be substituted for an existing receptacle and 
connected directly to the AC power. The reflector (C) is then situated 
on an opposing wall and aligned. (Alignment is performed by simple 
screw adjustments.) While the range of this device is a liberal 75° it 
is most commonly installed in a narrow entrance corridor, thereby as- 
suring many years of stable, trouble-free service. The nature of this 
device calls for fully concealed, in-the-wall protective circuit wiring 
unless the protective circuit is brought in through a small hole dril- 
led straight through from the rear of the mounting wall, (which might 
be a closet, etc.) In this case, the protective circuit wiring may be 
carried along baseboards and door moldings, as explained in the sect-— 
ion on INSTALLATION NOTES. 


AREA PROTECTION DEVICES 


The devices used to monitor doors, windows and walls (such as mag— 
netic, plunger and leaf switches, foil patterns and vibration sensors, 
etc.) are classified as perimeter protection devices, for obvious reas— 
ons. When a device is employed to monitor a specific volume of space, 
such as the interior of a room or a part of a larger area, it is called 
an area protection device, or space protection device. 


Before the photoelectric device (described in the foregoing section) 
came along, the only alternative to perimeter monitoring was the imag- 
inative application of "traps," such as clip-traps, trip-wires and 
switch mats situated in strategic locations. The example given in the 
photoelectric description is but one of many possible applications of 
this very flexible device, its full range of possiblities being limited 
only by the installer’s resourcefulness and the physical environment. 


The photoelectric detector is an area protection device. It was 
described separately because of its relatively simple nature and limit- 
ations in comparison with the sophisticated devices to be covered in 
this section. Before proceeding it is important to mention that the 
operational sophistication of these motion detectors is of no conse- 
quence to the installer. This section will describe the individual 
devices, how they work and their respective limitations. Installing 
and "setting up" any motion detector is no more difficult than instal-— 
ling a simple switch-type sensor. 


There presently are three separate types of motion detector devices 
available for burglar alarm application, these are MICRO-WAVE, ULTRA- 
SONIC and PASSIVE INFRA-RED. These device are made by numerous manu- 
facturers, therefore they come in many shapes, sizes and degrees of 
relative quality. For the most part, however, the physical configur— 
ation of these devices is basically similar. 


PROTECTIVE CIRCUIT 


The figure above depicts the rear panel of a typical area protection 
device, showing its two wiring requirements: The device is connected 
into the protective circuit at A by means of a pair of screw terminals, 
in the same manner as would be a simple switch. The other connection 
(B) ais the independent power requirement, which is usually facilitated 
by a plug-in transformer. (The transformer is included as a separate 
component and is connected to the device with 22/2 wire.) While most 
of these devices may be situated on a shelf, each is equipped with a 
bracket for mounting it on a wall (which is recommended for stability 
and protection from damage and tampering.) 
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STABLE ACTIVATED 


The front panel of a typical motion detector is depicted above. In 
the center 15 a "screened emitter aperture," which is a hole through 
which a field of active energy is projected. To the right (in this 
figure) is a tiny LED called the "waik-test” light. This light flashes 
on whenever the device is activated, visually indicating its sensitiv— 
ity and serving as an aid to adjustment. 


Adjusting the device is usually a matter of rotating a small knob, 
wheel or screw, which is also located on the rear panel. Turning it 
clockwise increases the range, counter-clockwise decreases it. Another 
way to observe the sensitivity of a motion detector is to attach the 
probes of a meter (set to read continuity) to the protective circuit 
connecting terminals. When the device is activated by movement within 
its adjusted range, the meter needle will swing to the right. When the 
movement stops, the internal circuitry of the device will stabilize and 
the needle will then drop back to the left. 


Installing a motion detector device in a burglar alarm protective 
Circuit is similar to installing a receiver or a tape deck in a stereo 
component system, (and generally easier.) One needn’t know anything 
about what makes the component "tick" electronically. It either works 
or it doesn’t, which is immediately apparent. If it doesn’t work, it 
is removed and returned for service. 


MICRO-WAVE : 


Dn 


+ MICRO-HAVE DETECTOR PATTERN 


The MICRO-WAVE motion detector emits a focused beam of RF (radio 
frequency) energy, typically at 10.525 GHz, which is roughly the 
frequency of operational RADAR-- including highway speed detectors. 
When the device is switched on it projects an RF beam, which is 
reflected by any solid object within its range. Its internal sensory 
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apparatus adjusts to the reflective constant, that is the absence of 
any changes. The movement, or appearance, of any solid object within 
the path of the beam alters the constant, Causing a pair of internal 
contacts to open, which activates the alarm. 


The primary advantage of MICRO-WAVE is its comparatively long range, 
which is typically 300° long by 15° wide at mid-range. Another advant-— 
age is its ability to penetrate most materials (except metal) enabling 
one device to monitor more than one room or area within the same prem-— 
ises. However, inherent in this capability is an outstanding false 
alarm hazard-- as seen in the MICRO-WAVE PATTERN diagram: 


This diagram depicts a MICRO-WAVE device mounted on one wall of an 
enclosed area and projecting its beam forward. In this diagram the 
device is not properly adjusted (or has "drifted" out of adjustment) 
and is penetrating the perimeter walls at the points indicated by ar- 
rows. Any movement occurring within this unintentionally extended 
field of coverage will cause a false alarm! Therefore, the factor of 
Penetration is the Achilles heel of the MICRO—WAVE motion detector. 


Because MICRO-WAVE motion detectors Operate in the same frequency 


range as highway speed RADAR guns, their radiations are detectable by 
the same devices used to avoid speeding tickets. 


ULTRA-SONIC: 


HE IRA -SONIE SETFECT GR PRI TERY 


tn, 


The ULTRA-SONIC motion detector emits an elliptically shaped field 
(see diagram) of seund waves which are well beyond the range of human 
hearing. The typical range of coverage is roughly 40° long by 20° wide 
at mid-range. (This range is considerably smaller than that available 
with a micro-wave device but there is no Penetration hazard.) The 
transmitter section of this device generates ultra-sound, which is mon- 
itored by the receiver section. The receiver adjusts to the stable 
level of ultra-sound sent out by the transmitter and "listens" for any 
significant changes occurring in the "shape" of the sound waves, such 
as those which are caused by a_ solid object moving within the ULTRA- 
SONIC field. The effect of disturbing an ULTRA-SONIC field is similar 
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to causing a ripple on a body of still water, but the sound waves move 
much faster. The receiver section of the device reacts to any disturb— 
ance by opening a pair of internal contacts. 


A good quality ULTRA-SONIC unit, properly adjusted and operating in 
a compatible environment, is capable of providing years of efficient, 
reliable service with little or no attention. Proper adjustment means 
sacrificing a few square yards of range to significantly decrease the 
device's false alarm potential. 


The typical range of an ULTRA-SONIC device is mentioned above. When 
the sensitivity is adjusted lower, (by rotating a thumbwheel), the el- 
liptical pattern is proportionally reduced-- and so is the false-alarm 
potential. Even if maximum range is required it is best not to adjust 
the device to its absolute limit, but to back off a small degree. If a 
space does not call for maximum range sensitivity, the device should be 
adjusted to only the level required and not beyond. 


The ideal environment is quiet, clean and free of any movement, what- 
soever. Moving drapes, falling cartons or shelves and any kind of unan- 
ticipated physical movement within the adjusted pattern will activate 
an ULTRA-SONIC, so a cluttered environment is risky. Drafts are a lead- 
ing cause of false alarms, because drafts are perceived as motion by 
the ULTRA-SONIC. Forced air heating will definitely cause problems, as 
will many types of high-frequency sound waves. 


Some ringing telephones will activate an ULTRA-SONIC device. The 
only way to know for sure is to test and observe. If a particular tele- 
phone seems to cause activation when it rings, the frequencies may be 
altered by applying a small strip of electrical tape to the inside of 
its bells. Before an ULTRA-SONIC is installed, the environment must be 
carefully surveyed for such things as whistling radiator valves, noisy 
heating and ventilating systems, hammering steam pipes and high fre- 
quency vibrations from passing traffic. The mounting surface must be 
absolutely free of vibration and movement. 


Pets can be a problem if they cannot be appropriately isolated from 
an operating ULTRA-SONIC: Even a dog barking in an adjoining room 
could activate it. Most pets, especially the littler ones, are re- 
ceptive to high-frequency sound waves which, in some cases, causes them 
great discomfort. On the positive side, it has been demonstrated that 
these motion detectors often serve the dual purpose of repelling ro- 
dents and certain insects from cellars, attics, etc. Ultra-sonic units 
are sold for that specific purpose-- with different names and signific— 
antly higher prices. High-efficiency ULTRA-SONIC motion detectors are 
available for less than #200. 00. 


ULTRA-SONIC motion detectors, operating in compatible environments, 
have an impressive track record and are widely used by professional 
installers. In spite of their early reputation for hypersensitivity, 
the major bugs have been removed and, at present, the major causes of 


false activation are improper adjustment, forced-air heating systems 
and such events as radiator valves that whistle when the heat comes on 


automatically at 4:30 am, etc. 
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PASSIVE INFRA-RED: 
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The most recent application of space-age technology to security 
electronics is the PASSIVE INFRA-RED motion detector, so called because 
it does not emit an active energy beam, such as the light beam of a 
photoelectric, the radio beam of a micro-wave or the sound waves of an 
ultra-sonic; instead it projects a number of sensitive probes of pas- 
sive energy. A product of heat-seeking missile research, the "PIR" has 
risen quickly to popularity in the industry as an efficient detector of 
body heat and motion. 


When switched on, the PIR adjusts quickly to the argbient temper ature 
of its operating environment, which it monitors constantly via the emit- 
ted probes of passive energy- If an object is radiating a surface 
temperature that is higher = or lower than that of the surrounding 
(ambient) temperature, the PIR will detect it and activate. Obviously, 
the efficiency of this type of device will be compromised if used in an 
environment where the ambient temperature (room temperature) is close 
to that of the human body, which is 978.6. 


Since its introduction, the relatively new PIR technology has attain- 
ed an excellent reputation for stability: Micro-wave can penetrate a 
brick wall and pick up the movement of passing traffic and it can be 
activated by spurious radio Signals. Ultra-sonics can be triggered by 
ringing telephones, barking dogs, whistling radiator valves, etc. A 
PIR is not generally sensitive to these influences. 


PIR is sensitive to a rapidly occurring change in temperature but 
not to gradual changes, such as weather changes or those occurring from 
thermostatically contolled heating. The exception is a forced air heat- 
ing system where a duct is likely to deliver a rush of superheated air 
directly into the PIR field. 


A PIR device should not be aimed toward a window, because bright sun- 
light striking a glass pane can cause a rapid elevation in the surface 
temperature of the pane. The operating environment should be surveyed 
in the area of PIR focus for "hot spots." These are steam pipes, (eith- 
or exposed or inside a wall), radiators, lights that are switched on by 
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an automatic timer, etc. 


Because it is much easier to eliminate sources of rapid temperature 
variation than it is to eliminate sound, vibration, and stray radio sig- 
nals, the wider range of applicability and relatively low false—alarm 
potential of PASSIVE INFRA-RED is a good reason to select it over alter- 
native types of area protection. 


With the exception of forced air heating, FIR is not sensitive to 
the things that will cause an ultra-sonic to activate, and vice-versa, 
nor will either device disturb or interfere with the other. Therefore, 
a good way to combine maximum area protection with minimal false-alarm 
potential is to employ both devices in the same area, connecting them 
as shown below so that each device serves as a shunt for the other. If 
one device is activated by an accidental event the other remains sta-— 
ble, acting as a by-pass for the protective circuit current. But the 
movement of a human form entering both fields at the same time will 
cause both devices to activate simultaneously, opening both sets of 
contacts. 


HYYAASUOUGEEEEAUTESUGRUAEUAUAGS ANE ERGEETAOUAEOUAEEEOOEA QU LTEAOUOUREAAREEUU THE LEU EEA 
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This diagram shows an ultra-sonic motion detector (A) situated above 
(or in close proximity to) a PIR motion detector (B), with both devices 
focused in the same general direction. Note that the connecting wires 
of the PIR are attached directly to the connecting wires of the ultra- 
sonic at the point indicated by arrows. This is a paraliel connection 
and it functions in the same manner as a shunt lock (see the section on 
SHUNT LOCKS) with the PIR serving as the shunt in this example. 


If the ultra-sonic activates but the PIR does not, the protective 
circuit current will simply conduct through the closed contacts of the 
PIR via the parallel connection. If the PIR activates but the ultra— 
sonic does not, it cannot affect the protective circuit because the FIR 
is not wired in series. (Review the diagram if this is not clear.) 
Only if both devices are activated at the same time will the alarm be 
triggered. It doesn’t matter which device is wired as the shunt, the 
effect will be the same. 


AUDIO DISCRIMINATOR: 


As its name implies, the AUDIO DISCRIMINATOR sensor "listens," via 
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one or more amplified microphones, for audio frequencies generated by 
the typical noises made during forcible entry; such as breaking glass, 
creaking wood, etc. 


Ta FOWER 
SOURCE 
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A professional-grade sound discriminator (as these devices are cal- 
led) consists of an audio-processor (A), into which one or more separate 
sensors (microphones) are connected. The microphones (B) are quite sen- 
sitive and will pick up the slightest sound occurring within a given ra- 
dius, (typically 40° x 40‘) and feed it to the amplifier/processor . 
The (sensitivity-adjustable) processor: ingores all sound frequencies 
which are common to an unoccupied environment, but is stimulated by 
frequencies which are common to breaking glass, creaking wood, etc. 


The principle of this highl y-ef ficient technology presumes two 
things, that no other possible source of the activating frequencies 
will exist in the monitored environment and that a burglar will break a 
window or use a crowbar to gain entry. And there lies the weakness of 
the AUDIO DISCRIMINATOR device: Some burglars are extremely quiet in 
their methods. 


With certain refinements, this technology is analagous to the "VOx" 
(voice-operated) tape recorder, which is commonly used in electronic 
surveillance operations. The VOx (Voice Operated switch) activates 
upon the input of sound into the tape recorders microphone. Its sen- 
sitivity is adjustable to the sound levels of normal conversation, but 
every surveillance -tape made with a VOx operated tape recorder i5 
interspersed with sounds of doors closing sharply, telephone bells, 
clinking noises from the kitchen, toilets flushing and, sometimes, 
squeaking beds. To adjust the sensitivity of a VOx above the level of 
those sounds would also take it above the frequencies of normal speech. 


Obviously the VOx alone is not suitable for activating a burglar al- 
arm system, but with the lower frequencies filtered out it would work 
well under certain conditions, those conditions being a normally quiet 
environment and no chance of a sophisticated, (quiet) attack. A good 
quality AUDIO DISCRIMINATOR is ideally suited to protecting the inter— 
ior of a safe or vault. Tuned to the higher frequency levels it will 
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discriminate against routine environmental sounds, such as floor-waxing 
machines outside, etc., but will activate if a drill or chisel were 
applied to its steel surfaces. They are also suitable for monitoring 
school corridors and other premises where the attentions of a 
sophisticated thief are not anticipated. 


The second presumption is pretty close to accurate because most 
burglars are un-skilled: If all locks are secure against duplicate 
keys, simple picking or frame-spreading techniques, and all windows are 
locked, 99% of the nation’s burglars will use relatively crude, forc— 
ible methods to enter. Another factor in favor of AUDIO DISCRIMINATORS 
is cost. When area protection is required in many separate rooms with— 
in the same premises, the use of other types of area protection systems 
would cost more: Ultra-sonic, photoelectric, infra-red or micro—-wave 
detector systems are available with a central processor and any number 
of remote heads, but in large quantity it is less expensive to buy 
twenty microphones than twenty micro-wave or ultra-sonic heads for a 
master/slave system, as these set-ups are called. 


AUDTO DISCRIMINATORS are classified as area protection devices be- 
cause they are not dedicated to monitoring one specific point in a 
Perimeter circuit, yet their primary purpose is that of detecting a 
forcible attack on a premises perimeter, (doors, windows, walls, etc.) 


GENERAL NOTES: 


The principal value of perimeter monitoring devices (switches, foil 
patterns, etc.) is that a burglary attempt will be detected in the init- 
ial stages of entry. The material cost of monitoring a large number of 
individual points around a premises perimeter will be less than the 
cost of one area protection device. However, when a contractor is hir- 
ed to install a system, the cost of labor to install the perimeter 
devices, particularly where a concealed installation is required, will 
far exceed the cost of several motion detectors. 


As mentioned previously, the ideal situation is a perimeter system 
with one or more area protection devices strategically located and wir- 
ed into the protective circuit as a back-up, in case a burglar gets 
past the perimeter circuit. This measure is particularly recommended 
in any situation where it is not possible or practical to monitor every 
individual point+of potential entry, or in commercial premises where 
the possibility of a "stowaway" burglary exists. A stowaway is a thief 
who conceals himself on a premises until it closes for the day, a tech- 
nique which is commonly used against large commercial or industrial 
premises where no late-shift personnel or watchmen are employed. 
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PROXIMITY SENSOR 


Sometimes called a capacitance sensor, the principle of this device 
is demonstrated in many types of modern appliances and gadgets that use 
“touch sensitive" switching, in which the lightest touch of a fingertip 
to a solid, immovable surface is sufficient to operate the switch. No 
pressure is required-—— only the close presence (proximity) of a finger. 
Simply stated, this action exploits the small electrical charge (capac— 
itance) inherent in a living body. At present, this technology is ap-— 
plied to elevator call-buttons, economy microcomputer keyboards, light 
Switches, tv and microwave oven controls, etc. 


The PROXIMITY sensor used in burglar alarm systems is considerably 
more sensitive than those used in the applications mentioned above. In 
fact, when adusted to maximum sensitivity these devices will detect the 
presence of a human body up to 24" away. However, when adjusted to its 
maximum level the device is susceptible to disturbance (activation) by 
static electricity in the atmosphere. 


PROPEL FIVE 


This diagram depicts a proximity sensor system monitoring a row of 
four (metal) filing cabinets. A is the sensor control, which is power— 
ed by a plug-in AC transformer and connected into a protective circuit. 
A single wire, attached to the input terminal on the device, serves as 
an extension to the sensor circuitry. Touching the bare wire at any 
point along its length will activate the control. 


The wire is attached to each filing cabinet (at the points marked B) 
by using a sheet metal screw and a crimp-on terminal. Each of the cab- 
inets thus becomes an integral part of the sensor, touching any part of 
any cabinet will activate the alarm. Any metal object may be attached 
to the sensor wire, such as shelving units, racks, doors, doorknobs, 
window frames, bars, fences, screens, etc. Each metal object attached 
to the sensor wire becomes an estension of the sensor wire. Touching 
any of them will activate the alarm. 
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THE SHUNT LOCK 


In the section on CONTROLS, the delay timer was described as one 
means of departing from and re-entering a premises when the alarm is 
Switched on without triggering it. This section describes another pop- 
ular method, called shunting the entrance door. The word shunt means 
controlled by-pass: A shunt lock is nothing more than a key oper ated 
switch that enables the door sensor to be by-passed from outside. 


~ ~_ ~~ ~ _— ~ —~ ER PS TC ere mes 


The figure above depicts a sensor (A) connected into one leg of a 
Protective circuit. The arrows represent the flow of supervisory 
current through the closed switch. (A could be any type of sensor, 
Plunger, magnetic, motion detector, etc.) 


Above, the same sensor is shown in the open condition, interrupting 
continuity, so the current cannot flow through it. 


Examine the above diagram closely. It is the same as the previous 
diagrams, with an important addition: A is the open sensor, but a 
special type of switch (B) has been imposed at C. Note that the wires 
Of Switch B are attached directly to the same terminals that connect 
sensor A into the protective circuit. Also note that the supervisory 
current has followed the path of least resistance, by-passing A. 


Before going to the next level of this explanation, think about the 
interaction of A‘and B: If A is closed and B is open, then B cannot 
Serve aS a secondary path for the protective circuit current. 


B represents a shunt feck, which is a key-operated on/off Switch, 
designed expressly for use with a burglar alarm system. When the 
concept outlined above is understood, the pictorial diagram on the 


following page should clarify the function of a shunt lock without 
further explanation. 
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On the left is a magnetic 
switch wired into a protective 
circuit in the normal manner, 
with a shunt lock connected to 
the same terminal screws. Be- 
cause a shunt lock is nothing 
but a key-operated switch, this 
magnetic switch may be by- 
passed at will by simply insert- 
ing the proper key and rotating 
it to the right-—- which closes 
the contacts within the switch. 


shunt tock connection 


circuit 


protective 


==)! 
Nene 


mag. 


Washers 


The first figure above is an assembled shunt lock. The second fig- 
ure shows its parts: 1 is the externally threaded key-switch body, 
(cylinder.) 2 is the front washer; notice the spikes (3) which pierce 
the mounting surface to prevent movement. 4 is the internally thread— 
ed sleeve, which couples with the cylinder. § is the rear washer. 6 
is a pair of terminals for attaching the connecting wires, aS seen in 
the third figure. 


On the right is a side-view 
cut-away showing a shunt lock 
assembled through a 7/8" hole 
bored through a door rail: 20 
1 is the cylinder face. 2 is 
the front washer. 3 is the up- 
per piercing spike. 4 is the 'D 
cylinder body. S is the 
sleeve. 6 is the rear washer. 

7 is the the rear lug of the 
Sleeve, which is flat on two 
sides to accomodate the jaws of 
@ wrench when tightening the 
two sections together. 8 isa 
pair of wires attached to the terminals of the cylinder. These wires 
are passed through,a 1/4" hole in the rear lug of the sleeve. 


OUTSIDE, —/NSIDE 


NOTE: Most shunt lock sleeves are 2" long to accomodate 

heavy doors. The average residential door is 1-3/8" to 

| | ' 1-3/4" thick. One solution is to order a shunt lock 

pee ca ina a with a special "short sleeve," or order five extra rear 
FE aC washers to shim up the difference. Be certain that the 


| | . rear lug of the sleeve is never screwed on tight enough 
to make contact with the exposed terminals of the key— 
switch-- or they will be shorted, defeating the switch. 
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The figure on the left shows the most 
typical positioning of a shunt lock, (viewed 
from inside.) Logically the device must be 
installed on the hinge-side of the door, 50 a 
flexible cable (deor cerd) is used to Carry 
the connection to the frame. This enables the 
door to be freely used with no strain on the 
connection. 


A door cord is merely a flexible, two- 
conductor cable with a terminal block on each 
end. Each terminal block has two screw term— 
inals and holes for mounting. One end of the 
door cord is fastened near the shunt lock (A) 
and the wires from the shunt lock are con- 
nected to it. The other end is fastened on 
the frame (B), a pair of wires are taken from 
it and connected directly to the terminals of 
the magnetic switch that monitors the door. 


Reviewing the Operation of a shunt lock: 


A key is inserted into the shunt lock (outside the door), rotated to 
the right and removed. This closes a Pair of internal contacts in the 
shunt lock, enabling the protective circuit current to by-pass the mag- 
netic switch. The door may now be opened without triggering the alarm. 
In other words, the magnetic switch is neutralized by this action. 


When departing from the premises-- after switching the system on-— 
the key is inserted in the shunt lock and rotated to the left. This 
opens the internal contacts, disengaging the by-pass. The magnetic 
switch is now fully active and will trigger the alarm if the door is 
opened. 


The advantage of a shunt lock is that no delay is imposed on the 
system's reaction to an attempted break-in. 


The disadvantage of a shunt lock is that it Presents a skilled 
burglar with an opportunity for external tampering: If a shunt lock is 
to be used, do not purchase one that uses a flat, brass key with cuts 
on both sides. These are the least expensive types, but can be picked 
open very easily with a few strokes of a "rake" type pick and a simple 
tension tool! 


A shunt lock that uses a "tubular" (round) key offers a much higher 
level of security. They cost a few dollars more but are well worth it. 
These locks are also susceptible to Picking, but a special tool and a 
high level of skill is required to do it. This type of shunt lock is 
Perfectly adequate for the average situation where a sophisticated at-— 
tack is not anticipated. At the top of the line is the highly pick 
resistant shunt lock, which is recommended for any installation which 


might come under attack by a skilled, professional burglar. These are 
designated as maximum security devices and are UL approved for burglar 
alarm use. The MEDECO(tm) shunt lock is very secure. 
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TROUBLESHOOT ING 


Among the most common causes of "trouble" in a burglar alarm system 
are careless installation, no maintenance, damaged components, adverse 
environment, routine wear and defective components, in that order. 


Careless installation includes poor wiring discipline, loose or 
sloppy terminal connections, poorly fastened switches and improper 
Placement or adjustment of area protection devices, etc. 


Defective, malfunctioning components are frequently the result of 
buying burglar alarm equipment from sources other than knowledgeable, 
specialized dealers; but even a professional-grade component can be 
damaged by unusual events, movement and traffic, or affected by its 
environment. Furniture movers and window-washers are the worst enem-— 
ies of a burglar alarm system. Next on the list of troublemakers is a 
greasy environment, such as a busy kitchen, a gas station workshop, 
ete. Airborne grease accumulates on anything that isn’t frequently 
Cleaned, and it gets into the smallest cracks. If the grease contains 
salt, the film it deposits is corrosive. 


Some components will just naturally wear out from routine use, such 
as the switch on a heavily-used door. Professional-grade sensors are 
test-rated at X operations before anticipated failure, (several million 
operations, typically.) By estimating the average daily traffic rate 
through a door and dividing that figure into the test-rating figure, 
the expected life span of the sensor may be projected. Most sensors 
will outlive their rated average-- but should not be expected to. A 
sensor attached to a door that is opened and closed 200 times ae day 
(amounting to 400 separate operations) should last 6-1/2 years with a 
test rating of one million operations. 


A switching sensor that isn’t operated enough (at least once a day?) 
will tend to get "lazy" from accumulations of corrosive film and stif-— 
fened springs. Using a switching sensor (a magnetic, for example) ona 
window that is rarely opened is not recommended. A more straighttfor-— 
ward, non-mechanical type of sensor should be used, such as a wire 
lacing pattern, a laced frame, or a foil pattern with the protective 
Circuit wired to take-off blocks. (Foil may be applied to walls as 
well as glass!) If carefully installed and protected from damage, 


these "fixed" sensors will serve reliably for many years without at- 
tention. Any type of mechanical, switching sensor must be periodically 
operated to keep its contacts "wiped" clean and to exercise its 


springs. 


There are two common categories of burglar alarm malfunctions: oper— 
ational and pre-eperatieonal. An operational malfunction is a false 
activation (or failure to activate) while the system is armed. A pre- 
operational malfunction is one that is discovered when the user tries 
to switch the system on and it won't set up, indicating a problem 
either in the protective circuit or in the control panel. 
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The first step in troubleshooting a pre-operational malfunction is 
to make sure that all switching sensors are engaged (windows and doors 
are closed.) Next, set a test meter to read DC VOLTAGE (at the same 
voltage rating as the protective circuit battery) and apply the meter ’s 
probes to the protective circuit terminals inside the control panel. 
If the needle moves ("reading" the battery) this indicates that the 
Protective circuit is intact and the problem is either a weak battery 
or it‘s somewhere in the control Panel. Brisk, energetic motion of the 
needle is an indication that the battery is strong. Conversely, a 
lazy, sluggish motion of the needle indicates a weak or discharged 
battery. 


A multimeter can test for the presence of electrical energy, and it 
can measure voltage levels, but it cannot accurately measure the amount 
of stored energy (amperage) remaining in a battery. Only a battery 
tester (ammeter) can do this. A fully discharged battery will often 
contain enough residual energy to excite the sensitive coil of a meter, 
but not enough to pull in the contacts of a protective circuit relay. 
So, when the system won't set up, but the protective circuit reads 
"live," apply a fresh battery directly to the protective circuit 
terminals (5 & 6&6 in the control Panel.) If this doesn’t force the 
system to set up, it proves that the Problem is in the control panel. 
A simple, premium quality control panel (such as the "100") rarely mal— 
functions; if it does, the entire circuit board (control instrument) 
may be replaced by removing four screws. (This is one advantage of 
using a simple control panel.) 


Returning to the initial step; if the meter needle doesn't move at 
all when applied to the terminal ends of the Protective circuit, but 
moves briskly when applied directly to the terminals of the battery, it 
proves that the protective circuit is open at some point. Thus a 
Simple, two-step procedure has isolated the problem to the protective 
circuit. Troubleshooting is a logical progression of stages, each of 
which further isolates the problem and eventually will pin-point it. 


Fig.21-1 (next page) shows a top-view of the perimeter (outer walls) 
of a rectangular, single-story commercial premises, which is monitored 
by a 12 sensor system. (Count these sensors before proceeding.) 


The control panel is shown fastened to an interior wall, with the 
bell wiring "snaked" through the wall to a bell mounted on the exter- 
ior. The dotted line represents a protective circuit pair, originating 
at the control panel and running in the direction of the arrows around 
all four walls of the premises. The two doors are designated D (for 
Door) 1& 2, the windows are designated W (for Window) 1 thru 8. Each 
sensor in the protective circuit is designated S, (for Sensor) 1. thru 
12. The protective circuit ends at the 3 volt battery which is shown 
as a pair of circles in the lower left corner, marked + -. 


Sil is a magnetic switch monitoring the entrance door, which is D1. 
S2 is a foil-pattern on a window at Wi. S3 is a laced screen fastened 
over a ventilator duct in a toilet. S4 & SS are foil patterns on win- 
dows W2 & WS. S6 is a PIR (passive infra-red) motion detector, project- 
ing its beams down the length of a center corridor. The remaining sen-— 
sors monitor five more windows and the rear door. 
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Fig. 21-2. 


showing only the control 


Fig. 21-2 is a simplification of Fig. 21-1, 
with twelve sensors con- 


panel at A and the protective circuit wiring, 


nected in series and terminating at the battery, B. 


In this hypothetical example, the bell rang when the system was 
Switched on, (a pre-operational malfunction.) A visual inspection 
revealed no apparent cause, so a service technician was called. 


The initial trouble-shooting step isolated the problem to the pro- 
tective circuit. A direct reading at the battery terminals shows the 
battery to be fully charged. The next step is to test for a voltage 
reading further along the protective circuit wiring, beginning at Ti 
(for Test-point 1) in Fig. 21-2. 
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Fig. 21-3. 


The way to perform a meter test when no exposed terminals are acces-— 
sible is shown in Fig. 21-3. Map Pins (which are better for this task 
than ordinary straight pins) are pushed through the insulation of the 
wires, making contact with the conductors beneath. The meter ‘’s probes 
are then applied to the pins. 


When applied at T1 the meter indicates live voltage, which means the 
circuit is intact between that point and the battery. This step is re- 
peated at T2 and again indicates voltage; likewise at T3, T4 and TS5. 
When the meter is applied at T4, however, the meter needle doesn’t 
budge, indicating that somewhere between that Point and the last test- 
point (T5) there is an open in the circuit. Between TS & Té is Window 
4, which is monitored by a foil pattern, the most probable location of 
the trouble. 


W4 is a picture window, which is depicted in Fig. 21-4 (next page.) 
To test the pattern, the protective circuit connections are removed 
from the take-off blocks at A. The meter is set to read CONTINUITY and 
its probes are applied to the terminal screws of the take-off blocks. 
If the pattern is intact the needle will Swing to the right. 


In this example the meter showed that the foil pattern is open at 
some point. Foil damage is sometimes a Clearly visible scratch but 
just as often it is an invisible, hairline crack that must be further 
isolated by probihg short spans with the meter. In order to penetrate 
the insulative varnish coat without having to gouge holes in the foil, 
the meter probes must be needle sharp. The ideal meter for burglar al-—- 
arm work will have 36" leads with alligator Clips at the ends (instead 
of pointed tips) for probes. Gripping map pins in the jaws of the 
alligator-clip probes, is the best way to test a foil strip. 


The meter at position 1 is reading to the right, showing continuity 
between its probes. Likewise at positions 2 and 3. At position 4 the 
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needle doesn’t move, 
probes. 


indicating that the break is somewhere between the 


Fig. 21-4. 


Now that the open has been isolated to a relatively short section, 
and it still cannot be seen, a sequence of probing steps at 1" incre- 
ments will quickly locate it. Fig. 21-5 depicts a short strip of foil 
with a crack in it. One of the meter probes is applied at A and the 
other probe is applied at 1. Because the foil between these points is 
intact, the meter will show continuity. With one probe still fixed at 
A, the second probe is moved to point 2, then 3, then 4-— at which 
point the needle will not move! Thus an invisible, hairline crack in a 
200 foot protective circuit, which contains numerous sensors (including 
a sophisticated motion detector) has been isolated to a i" area. This 
problem is easily corrected by stripping away a 2" section of foil with 
a razor blade and applying a patch. 


The same procedure will just as easily isolate a defective door 
switch, 4a torn conductor, a broken strand of lacing wire in the frame 
over the ventilater duct, or any other problem in the protective 
circuit. Although this explanation has been carried through exhaustive 
detail to illustrate the use of a meter, under actual circumstances the 
Problem could be isolated and repaired within a few minutes. In fact, 
this example has taken the "long way home" to demonstrate the trouble- 
shooting procedure: Referring to Fig. 21-2, the following explains a 
much faster way to find the problem. 


After determining that the protective circuit battery is good, in- 
stead of making the first test at T1, logic dictates that the best 
Place to start would be at midpoint in the circuit, in the area of Té. 
For example, if the first test was made between SS and S4, the absence 
of voltage would immediately show that the problem is somewhere between 
that point and the battery, thereby isolating the problem to one 
specific half of the protective circuit. 


The next step is to move back toward the battery (instead of away 
from it), again dividing the remaining distance in half by testing 
between SY and S10. This time the test would show live voltage, 
indicating that the problem is somewhere between that point and S5. 


Again dividing, the next test would be between S7 and 58, where live 
voltage would show that the problem is between that point and S5. 


Dividing the remaining distance would narrow the search to approx 
imately the area of T& Thus the problem has been isolated to S7 in 
only three steps instead of the six steps taken in the first explan- 
ation. 


If the problem was the magnetic switch at Si, instead of the foil 
pattern at 57, eleven steps would be required to find it by taking the 
“long way home." By dividing, that is starting at Té and reading live 
voltage there, one step would eliminate half the circuit; thus the prob- 
jem would be located in just three or four steps. Live voltage at T6é 
would dictate that a test be made between SZ and S4, then between Si 
and 52. Finally, a dead reading between S1 and the control panel would 
suggest that the problem is in the magnetic switch at S1. Dropping the 
Protective circuit connections from this switch, applying the meter 
probes to its terminals and operating the switch would reveal the prob- 
lem. Replacing the switch would solve it. 


The foregoing has described the simple, logical procedure involved 
in troubleshooting a constant malfunction, that is a problem which ap- 
pears and remains constant. Most pre-operational malfunctions are con- 
stant, deriving from Physical damage to a protective circuit component 
while the system was switched off. As shown in the foregoing example, 
a constant malfunction (torn or scratched foil) is relatively easy to 
locate by moving a test meter along the protective circuit wiring ina 
logical progression of steps and observing the meter’s needle. 


An operational malfunction is one that occurs while the system is in 
service, usually producing a false alarm. Occasionally an operational 
malfunction will be the result of damage caused by an unusual event 
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such as water leakage, rodents (who like to chew wires), falling boxes 
or shelves, etc. This kind of damage will produce a problem which is 
easily traced because it is constant, (a broken sensor, scratched foil, 
a broken conductor, etc.) Most frequently, however, an operational 
malfunction is caused by an intermittent problem, often referred to as 
a "Swinger" or a “hider." Simply stated, an intermittent problem is one 
that appears spontaneously, often momentarily, causing the protective 
Circuit relay to drop out-—- and then restores itself. 


The classic example of an intermittent problem is an imperceptible 
crack in a foil pattern (usually at the base of a take-off block) which 
@eccurs during a winter night, when the window-pane contracts from the 
cold and the foil is too brittle to flex with it. The crack is barely 
wide enough to interrupt the current flow through the protective cir- 
cuit. When the temperature begins to rise (and the glass relaxes) the 
tiny crack closes, restoring the protective circuit. As previously 
explained, restoring the protective circuit will not stop the bell from 
ringing, so unless a cut-off timer is used it will ring until someone 
arrives with the proper key to turn it off. 


One way to prevent this specific problem is to leave a little slack 
at the point where the foil strip meets the take-off block (don't 
stretch the foil tightly there) and apply a generous amount of varnish 
at this point for added support. This point, incidentally, is usually 
subjected to damage from a careless window washer'’s squeegee. So in 
Situations where commercial window washers are used, foil patterns 
should be considered a prime suspect, especially if an intermittent 
problem arises shortly after the window-washer has been around. 


Cheap or worn-out sensors can cause intermittent problems; so can 
loose or corroded splices, loose or corroded terminal connections and 
damaged protective circuit wiring. The fact that most false alarms oc- 
cur in the middle of the night (most often in winter and during thunder- 
storms) directly implies the contributing factors of temperature change 
and vibration. 


The most effective approach to locating an intermittent problem is a 
physical "shakedown" of the protective circuit: The system is switched 
on and, beginning at the control panel, the protective circuit wiring 
is tugged at and prodded, especially at corners and splices, and in the 
area of each staple. Sensors should be tapped with a screwdriver han- 
die and the surrounding areas pounded with a fist or a rubber hammer. 
The type of foil crack described above can sometimes be found by poking 
around at the take-off block with a finger, but the best way to test 
foil for a “hiding” crack is by spraying a film of aerosol frost di- 
rectly onto the foil-- concentrating on the base of each take-off block 
and on patches. (A carelessly applied patch has a high potential for 
Causing intermittent problems.) Aerosol frost is available from elec— 
tronics suppliers, it is commonly used to coax out invisible cracks on 
printed circuit boards. 


Nine out of every ten swingers can be located by a good shakedown of 
the protective circuit, which includes a careful visual inspection of 
the circuit while tugging, tapping and pounding its components. Screw 
terminal connections should be loosened and re-tightened, especially in 
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a damp or greasy environment, because grease and corrosion can accumu-— 
late under these screws and produce an insulating film. 


When shaking down a protective circuit, remember that even a brand— 
new, mechanically perfect magnetic switch can be disturbed by a heavy 
blow. The feel of just how hard to tap a magnetic switch during a 
shakedown may be developed only through experiment and practice. 


Obviously, vibration detectors cannot be tested by this "shakedown" 
procedure, so they must be jumpered out of circuit before proceeding. 
Whenever a vibration dectector is in use, it should be regarded as a 
probable cause of an intermittent problem. If a better "suspect" can-— 
not be located, all vibration detectors should be temporarily removed——- 
or their sensitivity adjusted to minimum to see if this solves the 
Problem. The same reasoning applies to any type of motion detector: 
If a more apparent cause of an intermittent problem cannot be found, 
these devices should likewise be suspected and adjusted to low 
sensitivity, or temporarily jumpered out of circuit. 


Just because a system false alarms once, after a long period of sta- 
ble operation, does not mean there is a swinger in the circuit. The 
most stable, trouble-free system can be subjected to an uncommon event 
such as a severe, localized tremor, an unusually loud or high frequency 
noise, or the spontaneous discharge of atmospheric static. While an 
attempt should be made to locate the cause of any operational malfunct— 
ion, an intermittent problem is one that recurs. Sometimes it will ap- 
pear within a few hours after the system is switched on and sometimes 
the interval between appearances will be several days. In either case, 
there usually is some corresponding cause. 


In one example, a system that contained a number of vibration detec— 
tors began to false alarm on Monday nights only. This system was thor- 
oughly inspected (which included two vigorous shakedowns) but no cause 
was found. The fact that it happened only on Monday nights suggested 
an external, corresponding cause. A long-duration tape recorder (with 
4 pre-amplified microphone) was situated on the premises and switched 
on at closing time. Flaying back the tape after the fourth, consecu-— 
tive occurrence revealed the cause: The Monday night (relief) barmaid 
in an adjoining tavern liked rock music and ran the juke-box up to full 
volume after the place began to empty, at about 1:00 AM. The juke—box 
speakers were mounted on a wall that was continuous with an adjoining 
wall in the protected premises, which was monitored by vibration 
detectors. The problem was solved by replacing the vibration detectors 
with a PIR motion detector. 


Long-duration tape recorders are an efficient means of determining 
the cause of sucH problems. In this case, the sound of a throbbing 
bass guitar was heard on the tape immediately before the alarm bell 
started ringing. 


The foregoing is an example of a common audio-surveillance tech- 
nique applied to a very legitimate purpose. The same technique has 
been used to identify such trouble-causing villains as whistling rad- 
iator valves, timer—activated heating systems, banging steam pipes, 
ringing telephones and, in one instance, the noise of a garbage truck’s 
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hydraulic hopper at 3 AM. All of these things, and quite a few more, 
are capable of disturbing motion detectors and hypersensitive vibration 
detectors. The tape recorder trick is one way to discover. such 
mysterious events. (Long-duration tape recorders and amplified micro-— 
phones are available from security & surveillance equipment suppliers. ) 


When no amount of probing, prodding, tugging, pounding or Sherlock 
Holmes-type deduction succeeds in ferreting out the cause of a swinger, 
the process of elimination is the least desirable but most positive way 
to get rid of the problem. If a system consists of many sensors the 
elimination process can take several days, during which time the system 
must be shut down to avoid repeated false alarms until the problem is 
eliminated: 


One way to proceed is to remove the bell connection from the control 
panel terminals and attach an indicator lamp (rated at 6 volts)in its 
place, then disconnect half of the sensors in the circuit, (remembering 
to clip or twist the vacated protective circuit wires together to close 
the circuit.) If the problem does not recur, which is determined by ob- 
serving the indicator lamp upon opening the premises each day, begin 
replacing the components one at a time until it does. When the problem 
recurs, the last component replaced is probably the cause and should 
be changed. 


If the intermittent does recur while half of the components are dis- 
connected, begin removing the remaining components one at a time until 
the problem stops. When it stops, the last component removed should be 
changed. Then replace all components and return the system to service. 


Rarely will a simple, professional grade control panel be the cause 
of an intermittent problem, but when the process of elimination doesn’t 
work the panel must be tested. One way to do this (after the bell con- 
nection is replaced with an indicator lamp to avoid disturbing the 
neighbors) is to drop the protective circuit connections from the con- 
trol panel, attach the battery directly to the protective circuit term- 
inals and wait to see if the lamp lights. If it does, the panel is 
obviously defective. Another way to check out a suspect control panel 
is to just swap it for another and see what happens. 


Batteries are sometimes the cause of an intermittent problem: Most 
batteries will discharge at an even, predictable rate with an average 
service life of one year, but a defective battery will sometimes dis- 
charge erratically, dropping well below the minimum service level then 
resurging to full power. Another potential battery problem is a broken 
carbon rod, which is an extension of the positive terminal on a carbon/ 
Zinc cell. This brattle rod extends through the center of the cell and 
is sometimes cracked by rough handling. Like a latent crack ina foil 
pattern, temperature changes will affect it. When the crack opens, the 
cell will become erratic. Moisture and temperature extremes will also 
affect batteries. 


By following the principles outlined in the foregoing pages any type 
of problem in any burglar alarm system can be pinpointed and corrected. 
By now it should be clear that trouble-shooting is a logical process of 
elimination. The first step in learning the procedure is to obtain a 
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suitable test meter and learn how to use it-~- which takes about ten min- 
utes. Once the meter, itself, is understood, applying it to a protect— 
ive circuit is incredibly simple. 


Special meters are available which are designed expressly for 
trouble-shooting a burglar alarm system. One such instrument ("Peter ‘s 
Meter," described elsewhere) provides LED indicators and an audible 
tone in addition to a movable needle, thus it may be observed from a 
distance while shaking down a system to locate a swinger. 


A set of clip-on test leads (jumpers), which are short lengths of 
insulated wire with alligator clips at each end, comes in handy for by- 
Passing segments of a protective circuit, or individual sensors, when 
testing for an intermittent by eliminating components. The clips are 
simply attached to both terminals of the sensor to be by-passed. 


Most intermittent problems are the result of careless installation 
practices and therefore are avoidable. When a staple is shot through a 
conductor (instead of around it), in time the fine copper strands with— 
in will become corroded and fail. Spliced joints, which were twisted 
with grimy fingers and wrapped loosely with tape, will eventually cor- 
rode and fail. One major cause of intermittents are spliced connect- 
ions in a bell cabinet that are twisted and taped without first being 
soldered. Good wiring discipline calls for soldering all splices, but 
many installers are delinquent in this area. Failing to solder splices 
on interior wiring significantly increases the possibility of future 
problems, but failing to solder the splices in a bell cabinet, where 
they are exposed to moisture and temperature extremes, is asking for 
trouble. A portable soldering iron makes the job of soldering splices 
a very simple one, so there is no reason to ignore this important task. 


Experienced trouble-shooters know that the IJittle things, like a 
loose terminal screw, an un-soldered splice, a little too much gap be- 
tween the two parts of a magnetic switch, etc., are the things that 
cause the biggest headaches. The phrase wiring discipline is not loose- 
ly applied: Running wire, attaching sensors and applying foil can be 
tedious work, so it is often tempting to ignore a little detail here 
and there. By selecting top-quality components and installing them 
carefully it is possible to produce a system that will perform for many 
years without the slightest problem. 


When an intermittent problem is traced to a motion detector, it is 
possible that the device is being triggered for a brief instant by some 
momentary disturbance such as static discharge, an unusual vibration, 
noise, or a gust of wind blowing under a door. Such events are capable 
of Causing a motion detector to activate for a split second, which is 
more than enough’ time to “drop out" the protective circuit relay. This 
action may sometimes be observed by sitting quietly in a room where a 
motion detector is operating and observing the walk-test lights 


Usually a slight movement of a hand or foot will cause the device to 
activate for a moment (causing the walk-test light to wink on and off 
very briefly. This is not the normal action of a motion detector when 
it is sensing the mass of a whole human body moving within its field. 
The difference may be seen by simply walking a few steps instead of 
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just moving an arm or leg: The walk-test light will come on and stay 
on for at least three or four seconds, depending on the speed and 
distance covered. A motion detector which is activated by an actual 
bodily movement will activate and maintain its active state for several 
seconds. 


The foregoing implies that a slower protective circuit would solve 
the problem-- and in most cases it will. By slightly "retarding" the 
normally instantaneous drop-out action of the protective circuit relay, 
so that it will ignore a momentary interruption in current flow, a 
false alarm-prone system may be stabilized. 


The drop-out speed of the protective circuit relay may be retarded 
by attaching a simple, semi-conductor component to the protective 
Circuit terminals (5 & 6) inside the control panel as shown in the 


figures below. 


TUBULAR ELECTROLYTIC CAPACITOR 


The device is a tubular, electrolytic capacitor with axial leads, (a 
small, cylindrical object with a wire sticking out of each end.) The 
wires are bent as shown and simply fastened underneath the same 
terminal screws that hold the protective circuit. The function of a 
Capacitor is to store a specific amount of energy, much like a battery, 
and discharge it slowly when the parent energy source is removed. 


q 
i) 


CONTROL PANEL TERMINAL STRIP - SHOWING NORMAL CONNECTIONS 
WITH 6@@ UF CAPACITOR ADDED TO INPOSE A DELAY 
IN PROTECTIVE CIRCUIT RELAY DROP-OUT TINE. 


CAPACITOR 


The capacitor absorbs a tiny amount of energy from the protective 
circuit battery. When the protective circuit current is interrupted, 
instead of the relay dropping out instantly as it normally would, the 
tiny amount of energy stored in the capacitor will maintain the relay 
until that stored energy "bleeds off." The exact number of seconds 
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this takes (the delay period) depends on the rating of the capacitor. 


These capacitors are available at electronic supply stores in a wide 
varlety of ratings. Capacitors are rated in fractions of a farad (a 
unit of measurement) called RBicro-tarads, tone millionth of a farad.) 
The symbol for micro is the Character u, the symbol for farad is #; 
thus the marking, 600uf, on the body of a Capacitor means 600 micro-— 
farads, which will provide approximately 2 seconds of delay. 


Another marking on the capacitor indicates its Polarity, and it is 
important that wire on the + side of the capacitor be attached to the 
same terminal as the + side of the protective circuit-- or it won't 
work. the polarity marking will either show as a + Sign at one end of 
the device or an arrow pointing toward one end, indicating the Fositive 
(+) end. 


The objective of this section is to show that finding any type of 
problem in a burgiar alarm system is simply a Process of aqradual 
eClimination. For example, the bell may be tested by simply dropping 
the bell circuit connection at the control panel and directly applying 
these wires to a 6 volt battery. If the bell rings, this means the 
entire beil circuit is intact. But if it won’t ring when the control 
Panel is activated, the problem is obviously in the control panel -— 
probably the bell relay. 


By dropping the protective Circuit connections at the control panel 
and directly attaching a 3 volt battery to the vacated terminals, the 
control panel may be tested without a protective circuit. 


Because 99.9% of all problems occur somewhere in the protective 
Circuit, common sense dictates that this should be tested first. If 
the meter does not read voltage from the 3 volt battery when its probes 
are applied at the control panel end, go directly to the battery and 
apply the meter to the battery terminals. If the battery is Okay, move 
further along the protective Circuit and take another reading. 


EReep moving until the meter stops reading voltage, then move back 
(in shorter steps) toward the point where the last live reading was 
taken. In this manner the Problem will be isolated to within a few 
feet, (or inches.) Begin disconnecting every sensor (within the iso-— 
lated area) from the Protective circuit and test each one for contin-— 
uity and proper operation. If all of the sensors seem to he okay, 
check all splices in the same area. 


PS 


INSTALLATION NOTES 


The first step in planning an installation is to evaluate the vul- 
nerable points of a premises to determine which type of sensor is most 
appropriate for each point. If there are simply too many individual 
points to monitor in a given area, or the physical environment is some— 
how opposed to the wiring of a perimeter circuit, then consider an area 
protection device. Also consider the merits of using area protection 
devices in addition to a perimeter circuit. 


The next step is to select the best locations for the control panel 
and annunciatori(s). Before deciding these locations, all wiring routes 
must be carefully considered. Sometimes the most convenient or desir~- 
able locations for the control panel and annunciator(s) will impose 
special difficulties in bringing the bell and protective circuit wiring 
to them. Keep in mind that the bell circuit wiring must be totally 
concealed from view or securely armored to protect it from being cut. 


The best location for exterior annunciators is anywhere that is not 
accessible without a ladder and affords a secure, concealed route for 
running the bell circuit wiring to the control panel. The best 
location for the control panel is somewhere that affords reasonably 
convenient access by the user and concealment from general view. If a 
power supply is to be used (instead of dry-cell batteries), access to 
AC power is important. Whether a single zone or a multiple-zone 
control panel is to be used, the control panel must be located where it 
is accessible to the protective circuit(s) wiring. After weighing the 
foregoing factors and requirements, the individual circumstances of 
each individual job should dictate the priorities. 


Except for high-risk situations, where sophisticated tampering = and 
bypass attempts are a real possibility, protective circuit wiring need 
not be concealed. So unless hidden wiring is absolutely necessary for 
protection from tampering, or simply for appearances, semi-concealed, 
surface wiring affords a significant trouble-shooting advantage. When 
a protective circuit is totally concealed, isolating and repairing a 
problem which is’ hidden inside a wall can be a tough job. That thought 
should prevail throughout any concealed wiring job and inspire close 
attention to proper wiring discipline. 


While a fully concealed installation looks better, and affords pro- 
tection from tampering and physical damage, it calls for a significant— 
ly greater amount of patient, careful work. Labor is the biggest 
factor in the final cost of a commercially installed burglar alarm: the 
cost of a concealed wire installation is usually triple the cost of the 
same installation with semi-concealed wiring. 


Semi-concealed wiring is typified by ordinary telephone wiring, 
which is generally stapled along baseboards, up and over door-frames 
and moldings, etc., and passed from room-to-room through small holes 
drilled in corners. Whenever a closet can be exploited as a "tunnel" 
to another level, or a shortcut between rooms, it is. Whenever the wir- 
ing can be tucked behind a loosened baseboard, it is. Wherever wire 
can be concealed without major work and reconstruction, it is. Semi- 
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concealed wiring is taken through small holes drilled in the side or 
bottom of kitchen cabinets, then through a wall or up through the ceil— 
ing, into an upstairs closet, etc. 


Protective circuit wire, which is little different from telephone 
wire, can be hidden behind furniture and stapled into the edges along- 
side wall-to-wall carpeting. 3 volts is very low-voltage so there is 
little risk of a protective circuit starting a fire. High (hazardous) 
voltage is rated at 40 volts and above by most electrical standards, 
but a staple that pierces the insulation of a Pair, causing a dead 
short across the protective circuit, will radiate a high temperature as 
it rapidly drains the battery. In a hot, dusty environment, such as an 
attic, special care must be taken when stapling wire. 


Stapling wire is a simple procedure but a beginner should practice 
stapling a few 6 ft. lengths of 22/2 to a lumber scrap before starting 
a first job, because it takes a few minutes to get used to the proper 
feel of the staplegun. Regardless of how proficient one becomes with 
this tool, every staple should be Closely observed in good light to be 
sure that the legs of the staple straddle both legs of the pair and 
haven't punctured either leg. 


The first staple is the anchor, from there each successive, i8" 
length of wire is stretched tight before the next staple is shot. The 
nose of the Arrow T-18 staplegun (the standard of the trade) is grooved 
to accept a 22/2 twisted pair, so the gun is slid down the wire as it 
is worked into position, pressed down tightly and snapped. Before 
shooting the staple, look to make sure that the groove is straddling 
both wire legs. After shooting the staple, regardless of how good it 
felt to the hand, look again to make sure. This is good wiring discip— 
line and prevents a great deal of future trouble. Staple punctures and 
Poorly crafted splices are a major cause of intermittent problems. An 
unsoldered splice is alright for a temporary situation (a year or so, 
for example) but it cannot be depended on after that time. &A staple 
puncture is certain to cause a problem in the future. 


Baseboards and corner moldings can usually be pried away to accomo— 
date a 22/2 pair but they must be replaced carefully, making sure the 
Pair is not crushed in the corners. Never withdraw the finishing nails 
all the way because they must serve as guides for the wires as the 
molding or baseboard is being replaced. 


Dropped ceilings and acoustical tile ceilings are ideal wiring 
conduits because they often are common to numerous rooms within the 
same premises. Attics and cellars are another way to move wiring from 
one area to another. By drilling up through closet ceilings or down 
through corners in a floor, wiring can Pasily be taken from one end of 
a premises to another. 


When it is not practical or possible to hide wiring behind base- 
boards and moldings, in closets and cabinets, attics, cellars, etc., it 
may be stapled along the top of baseboards and alongside moldings. If 


it becomes necessary to run a length of wiring straight up a wall (with 
no concealment) and this looks unsightly, there are several types of 
decorative "raceway" available to make a neat job of it. Wiring 
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"raceway" is usually sold in 6 ft. lengths of low-profile, plastic or 
metal conduits that attach to clips fastened to a wall surface. The 
raceway is easily cut to the right size and a variety of corner sec— 
tions are available to create a finished appearance. Wiring raceway is 
available at most do-it-yourself centers, hardware, electrical and 
lighting suppliers. It is inexpensive, very easy to work with and 
imparts a very neat appearance to surface wiring. 


Snaking wire inside walls is an intimidating prospect to anyone who 
has never done it, especially to one who has little experience at work— 
ing with wiring tools. In some cases the procedure involves removing 
entire sections of wall paneling, punching holes in plaster, pulling 
out bunches of insulation and boring holes through the 2 x 4 "cross- 
cats" and "headers" in ‘wood-frame constructior. These methods require 
reconstruction and skilled finishing work after the wiring is in place, 
which must be considered when planning wiring routes. 


Fig. 22 -1. 


The figure above represents the wiring routes of a residential in- 
stallation. The control panel (shown at @) is situated in the entrance 
corridor. The beli is mounted under the eaves at B. The dotted line 
(C) represents the bell circuit. A is mounted on a wall in the corrid- 
or closet. It is a two-zone control panel with a built-in power supply 
and entry/exit delay. 


Directly over the closet where A is located is an upstairs bathroom. 
By removing the medicine cabinet and drilling a 1" hole down through a 
“cross cat" (a horizontal 2 x 4 used in framework), and drilling a 
larger hole in the closet wall, it is easy to snake the wires up from 
the closet to the medicine cabinet, which is located at C. By drilling 
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up through another cross-cat, the wiring was passed up from there to 
the attic and taken directly to the bell location, at B. 


An electrician’s snake can be purchased at any well-stocked hardware 
store. This is a 24 ft. (or longer) coil of tempered steel wire, 3/16" 
wide by 1/16" thick. From this, several shorter lengths are cut, 2 
ft., 3 ft., 4, 5 and 6 ft. These five lengths are usually adequate for 
most jobs, except where wiring must be pulled through an extremely long 
conduit. Using the jaws of the same side-cutter pliers that were used 
to cut the heavy wire, a narrow, 3/4" hook is bent into one end of the 
shorter snakes. 


The figure on the left shows the’ typ- 
ical use of a short snake, which is shown 
at B. Note the short hook at one end and 
alarger loop at the gripping end. In 
this diagram the snake will be pushed 
through a small hole drilled through a 
wall in a baseboard corner (C), and used 
to "fish" for the length of heavy bead 
chain which is shown lowered from a hole 
drilled through the opposite side, at A. 
A 20° length of bead chain (stored on an 
empty wire spool) comes in very handy for 
Situations like this, because it's some- 
times difficult to bend a snaking wire at 

B &@ critical angle. After the bead-chain 
ra is hooked and pulled through at C, the 
wiring will be fastened to the end of the 


Tho — chain at A and will follow it when the 
| | c chain is pullled through the wall. 

Another handy wiring tool is an ordin-— 

Fig. 22 -2. ary, tubular aluminum, .22 rifle-cleaning 

rod. A notch can be cut or ground out of 

one side of the patch loop (of the right size for snagging bead chain 

and 22 gauge wire.) These rods are sectional and an unlimited number 


of sections may be joined together for reaching through long, attic 
“Crawl spaces," etc. 


A, 
ae 


In Fig. 22 -1 , the fine, solid lines represent protective circuit 
zones 1 and 2. The wires of zone 1 are pulled up into the attic along 
with the bell circuit. At L-1 and L-2 (for Loop 1 and Loop 2), this 
circuit is pulled through a closet ceiling, where a separate loop is 
connected into it. Zone 1 is taken right to the bell connection, where 
the tamper switch, loop is connected to it, (not shown.) 


Zone 2, (E) is passed down from the closet at A into the cellar. In 
most cases the plumbing from the upstairs bathroom would be found in 
this path, which sometimes provides a ready-made conduit to follow. 
Care must be taken whenever drilling into a wall where Piumbing pipes 
and high voltage wiring are likely to be hiding. To be on the safe 
side, use a 3/8" or 1/72" chuck, heavy-duty, variable speed, reversible 
drill because they are easier to control. Bore slowly until the tip 
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breaks through to the hollow space behind the wail, then stop. With- 
draw the bit, push the tip of a screwdriver in, tap and feel around 
with it. Warnings Never drill into a wall with an un-grounded drill! 


Zone 2 is brought up through the floor inside a kitchen cabinet at L- 
1, where the kitchen loop is connected into it, at L-3. It then accom-— 
oedates the living room loop at L-4 and finishes up at the cellar loop, 
(not shown.) 


Note that one of these two zones makes an “appearance” in every room 
of the house and at all levels. In the same way that an unlimited num— 
ber of sensors may be added to any separate loop, any number of loops 
may be added to these two zones if future expansion of the system is 
desired. These are the primary wiring routes mentioned in THE BASIC 
BURGLAR ALARM SYSTEM and they should impart a general idea of how to 
“lay out" a system. 


This example does not imply any rules, it simply suggests some of 
the tricks of the trade useful to snaking wire. Sometimes the only way 
to run concealed wiring is to break through plaster, cut out panels of 
drywall, tear up wallpaper and, sometimes, remove door frames. These 
are radical methods and should be avoided whenever possible. 
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DOTTED LINE DEPICTS 
PROTECTIVE CIRCUIT HIRING 
FASTENED ALONG BASEBOARDS 
RAND ARQUND WINDOW AND OOOR 
MOLDINGS. 
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Fig. 22-3. 


Fig. 22-3 shows an example of protective circuit wiring stapled 
along baseboards, up and over window and door moldings. In most situ- 
ations the vertical lengths of wire seen running up a bare wall toa 
window frame would be concealed by drapes, along with the sensors and 
their connections into the protective circuit. 22/2 18 available in 
either brown or ivory color so it usually blends well with the color of 
a baseboard, especially when it’s been painted over. Furnishings nor— 
mally hide a good percentage of the baseboard wiring, leaving only the 
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wiring around the door frame conspicuously exposed. 


The wiring shown in Fig. 22-3 may be totally concealed, but depend- 
ing on the physical construction of the premises, the amount of addit— 
ional work involved could be considerable. Sometimes the hollow space 
inside the walls is accessible from an attic or cellar, which makes the 
Job of snaking wire much easier. If not, it might be necessary to pull 
out sections of paneling, punch holes in Plaster walls, etc. 


As mentioned previously, the average handyman-for-hire is extremely 
competent at this type of work and would charge considerably less than 
a professional electrician or alarm installer to do it. Assume that 
the cost of components for an alarm system is 350.00 and the cost of 
having a surface-wired or semi-concealed installation done by a con- 
tractor is 1,500.00, the job will cost 1,850.00. The same job with 
fully concealed wiring might cost two to three thousand dollars more! 
But if a local handyman is hired to do nothing more than snake the 
wiring through the walls, leaving an exposed "appearance" near every 
window and door, the cost of his labor might be 500.00 to 1,000.00. 
Many independent burglar alarm installers operate in exactly this man-— 
ner, using local handymen = as sub-contractors, finishing off the job 
themselves (which amounts to fastening and connecting the sensors to 
the exposed appearances) and walking away with a 1,500.00 to 2,000.00 
profit! 


Surprisingly, in spite of the fact that most local handymen are = ex- 
tremely skillful at carpentry, masonry, high-voltage wiring, etc., few 
of them have more than a general idea of how a burglar alarm system 


works. It isn’t necessary to explain anything more than where to leave 
the exposed appearances. After the concealed wiring is in place, and 
the handyman is paid off and gone, the control panel, bell and sensors 
are installed. This completes the installation. 


SPECIAL TOOLS, PARTS AND TECHNIQUES 


The foregoing sections describe a variety of specialized components, 
explaining how they interact when connected together in an electronic 
system called a burglar alarm. While it is relatively easy to assemble 
a working system on a bench (as an aid to understanding how each separ— 
ate component functions in the system), the physical task of installing 


these components will be greatly simplified with the help of the proper 
tools. 


The following descriptions refer (by corresponding letter) to the 
tools shown on the next page: 


A> FEELER BIT (or) ELECTRICIAN'S BIT (or) BELL HANGER BIT: These 
drill bits are available in 12", 18”, 24" and 48" lengths; 1/4" = and 
3/8" diameters. They are excellent for drilling passage holes through 
hollow walls (plaster, plasterboard, sheet-rock), baseboards, floors 
and ceilings. The longer ones are useful for reaching into hollow 
walls to drill through 2 x 4 crosscats and headers. 


B> MASONRY BIT: Available in a variety of lengths, from 4" to 24" and 
diameters from 3/16" to 1". These are the bits to use for drilling in- 
to any type of masonry, such as brick, concrete, cement, tile and plas- 
ter. Never use "twist" bits (those which are made for drilling metal), 
on any kind of masonry (including plaster) or they will be ruined in- 
stantly. When drilling through thick masonry, such as brick, cement or 
cement block walls, and the masonry bit begins to shriek and stall, 
withdraw it and dip it into a cup of water. Never use oil to lubric— 
ate or cool a masonry bit. 


C> PLASTIC ANCHOR: These come in several sizes: #6 - 8 (x 7/8" 
long) fits a 1/4" hole and will accomodate # 6 — 8 screws, which are 
used to fasten sensors and similarly small objects. # 10 - 12 (x 1") 
accomodates #10 -— 12 screws, which are used to mount bells, sirens and 
control cabinets. These are used on solid (masonry) mounting surfaces. 


D> TOGGLE BOLT: Available in several sizes: 1/8" (diameter) x 4" 
(length), 3/16" x 3", 3/16" x 4", 1/4" x 4". Used for mounting heavy 
objects on thin mounting surfaces, such as hollow plaster, plaster— 
board, sheet-rock, paneling, etc. The toggle slips through a drilled 
hole, snaps open and grips firmly when the bolt is tightened. 


E> MOLLY ANCHORS:* Available ina variety of sizes. An alternative to 
the toggle bolt. A ribbed sleeve that surrounds the bolt expands as 
the bolt is tightened. 


F> HOLE SAW: Available in a variety of widths, from 3/4" to 2-1/2". 
Used to bore holes in wood, panel, wallboard, etc. Carbide version is 
available for boring metal. Used for shunt lock installation, etc. 


G> SPADE TONGUE: Available in variety of sizes. The smallest size is 
9/64", which accomodates 22 — 18 gauge wire. (Perfect size for burglar 
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alarm work.) 


H> QUIK-WEDGE SCREWDRIVER: The split blade of this screwdriver ex- 
pands to grip tightly inside a screw index, holding the screw firmly. 
This tool is particularly handy when working with window foil take-off 
blocks. Also useful for handling screws in tight working spaces, or 
when working from a ladder. 


I> SCREW STARTER: Similar to a screwdriver, but the tip is a harden— 
ed, threaded screw, (instead of a screw-driving edge.) Very useful for 
starting screw-holes with one hand. An extremely handy tool. 


J> SIDE-CUTTER PLIERS (or) LINEMAN’S PLIERS: Useful for cutting &® for- 
ming snakes, cutting heavier wire (16 gauge zip cord, etc.), and such 
tasks as removing the "knockout" slugs from the back of bell and con— 
trol panel cabinets, etc. 


K> WIRE STRIPPER: The perfect tool for working with 22/2 wire. Eas- 
ily adjusted to accomodate any size wire. Cuts and strips wire very 
quickly. The stripper groove is screw adjustable to any wire gauge. 


L> CORDLESS SOLDERING IRON: Contains rechargable battery. Sold with 
charger stand. Charges up overnight. Full charge will accomodate 
about 50 solder joints. Extremely handy for soldering splices, espec- 
ially the splices in a bell box. 


M> ARROW 1-18 STAPLE-GUN: The standard fastening tool for burglar 
alarm (and telephone) wire. The only alternatives to using this tool 
are wiring tacks and the type of wiring staples that must be pounded in 
with a tack—-hammer. 


N> 6& VOLT LANTERN BATTERY: (Heavy-duty.) Used for powering bells & 
sirens. Life-span is about one year (with no prolonged "ring-offs.") 


O> 1.5 VOLT IGNITION CELL: Two of these, connected together by jump-— 
ering the Positive terminal of one to the Negative terminal of another, 
produces a 3 volt battery. Used to provide "supervisory" current for 
protective circuits. Life-span is one year. 


P> MULTIMETER (or) V-O-M (or) METER: This is a standard electrical 
testing instrument and is indispensable when working with burglar al- 
arms. Burglar alarm suppliers sell meters which are specially modif-— 
ied for the trade. 


Q> "“PETER’s METERS: (Named for its inventor, who designed it specif-— 
ically for the burglar alarm trade.) Has several unique features that 
make the job of testing for an intermittent much easier. Two of these 
features are an audible tone and an indicator light, in addition to the 
meter face. Another feature is a special circuit that sets up = and 
holds (just like a protective circuit relay), then indicates ("drops 
out") when the swinger "appears" during a shakedown. Recommended for 
anybody who intends to work with burglar alarms as a sideline, or a 
living. 


To avoid several trips up and down a ladder when mounting a bell, 
trace the mounting holes on a sheet of stiff cardboard to use as a tem— 
plate. Tie a length of wire to the bell cabinet and climb the ladder 
with the template, a drill, and the hoisting wire end. Use the tem— 
Plate to mark the mounting holes, drill the holes, then hoist the bell 
& cabinet up by the wire. 


Set a small level on top of or inside a control panel when marking 
the mounting holes. It's hard to square off the box while holding it 
against a wall, and even a 1/4" tilt is unsightly. 


When it’s convenient to run protective circuit wiring under a wall- 
to-wall carpet, splice in a section of 22 gauge speaker wire for that 
purpose. This wire, called "22/2 parallel," is much thinner and won't 
show through as will 22/2 twisted. 


When drilling through a hollow wall and you don’t know where the bit 
will emerge on the other side, use a side-cutter pliers to cut a short 
section of wire coat-hanger, with a sharpl angle at one end. Chuck the 
other end in a high-speed drill (2,200 rpm) and apply moderate pressure 
to drill through with this improvised "bit." It bores a very small 
hole, which may easily be patched with a dab of filler (Spackle, Dap, 
Plastic Wood, etc.) if it breaks through in the wrong place. 


After mounting a bell (or siren) and splicing the connections, apply 
a generous coating of RTV (Room Temperature Vulcanizing) cement to the 
tamper switch screw terminals. This stuff forms a rubbery skin over- 
night which will protect against corrosion for many years. RTV comes 
in a tube and is available at any hardware store. 


When drilling a passage hole in a brick or stone wall for the bell 
circuit wiring, drill the hole at a slight angle (aiming upward from 
outside, or downward from inside) to prevent rain-water from Seeping in 
through the hole. Also, block the hole with RTV. 


Whenever wiring is to be concealed inside a wall, or anywhere that 
will be difficult to access and repair it after the wall is sealed, run 
an extra pair (spare) alongside it to be used as a substitute if a fut-— 
ure problem develops. Four conductor cable, such as telephone wire, is 
recommended for this application. Conceal the tails of the spare pair 
in some convenient place, to be retrieved and used if ever needed. 


Figure 23-1 (next page) shows one way to produce a strong splice: 
A represents the ends of two 22 gauge wires. 3/4" of insulation has 
been stripped away and the exposed wire strands twisted into rigid 


posts. 


B shows the two posts twisted together; (apply a film of solder to 
these joined posts before proceeding to the next step.) 


C shows the soldered joint bent backward at its base and pressed 
tightly against one section of wire. 
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D shows the finished joint covered with about three turns of plastic 
Plectrical tape. 
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Figure 23-1 


Figure 23-2 


When splicing two pairs of wires together, prepare the ends as shown 
at E, in Fig 23-2: Note that the stripped ends of the legs to be join- 
ed are offset from each other. This is to eliminate the possibility of 
a loose strand of wire from one leg coming in contact with the other 
leg (and causing a short.) This also enables a much neater, finished 
wrap when the two legs are ready to be bound together, (see F.) If the 
individually wrapped joints are taped side by side, an unsightly bulge 
will result when the two legs are bound together. 


Soldering is not difficult, but it takes a little practice to get 
used to: Use either a 30 Watt, plug-in iron (with an extension = cord) 
or a portable, and "60/40 rosin-core" solider. Allow the iron to heat 
to maximum. Apply the iron to the twisted posts for a few seconds, 
until they become heated, then apply solder to the heated posts (near 
the iron.) After a second or two, the solder will abruptly puddle and 
run into all the cracks, at which time the iron should be quickly re— 
moved. A soldered joint hardens and cools in a few seconds. 


For troubleshooting purposes, it is best to leave an exposed "test 
point" wherever a loop is connected into the protective circuit. An 
exposed test point is enormously helpful when isolating a loop to test 


it for continuity. Without a test point it is necessary to open and 
rewrap a splice, which is a troublesome job. The following are recom— 


mended methods of providing exposed test points. 


TERMINALS 


CRIMP-ON 
TERMINAL 
CONNECTOR 


Figure 23-3 Figure 23-4 


Figure 23-3 depicts a 2-pest, barrier terrminal block; a small plas— 
tic block with two pairs of screw terminals, which are separated by an 
insulating barrier. The two pairs of screw terminals are isolated from 
each other, but a metal strip provides continuity between both screws 
of each pair. Figure 23-4 depicts a handy little item called a spade 
tongue, which is slipped onto a prepared wire post and tightly crimped 
in place (either with a special crimping tool or a corner of a side- 
cutter pliers’ jaws.) The spade tonque fits perfectly under any type 
of screw terminal, producing a much more efficient connection and af-— 
fording great convenience when the connection must be removed and 
replaced during troubleshooting. 


SENSOR 


2-POST 
TERMINAL BLOCK 


Figure 23-5 


Figure 23-5 shows a one-sensor loop connected into a protective cir- 
cuit, using a terminal block instead of a wrapped splice. Hoth legs of 
the loop are fitted with spade tongues and fastened under the upper 
screws of a terminal block, as shown. The ends of the severed protect-— 
ive circuit leg are likewise prepared and fastened under the lower 
screws on the terminal block. The continuity of this connection is the 
Same aS a spliced junction, but it provides conveniently exposed test 
points. To isolate the loop from the protective circuit (to test it 
for continuity), just loosen the upper screws of the terminal block. 


Figure 23-6 
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These terminal blocks may also be introduced at intervals in long 
wire runs to eliminate the need for penetrating wire insulation with 
pins when taking voltage readings along the protective circuit. As 
shown in Fig. 23-6, the protective circuit pair is cut in two (spade 
tongues are attached to each stripped end) and attached to a terminal 
block. (Note that the block in Fig. 23-5 is situated vertically for 
making a series connection; but horizontally in Fig. 23-6 for making a 
parallel connection.) 


When attaching a wire to a screw terminal without using a spade 
tongue, strip the wire end, twist it tightly; bend the twisted post 
around the shaft of a screwdriver to form a hook, then solder the hook. 
This is the next best method to using a spade tongue and will prevent 
the wire strands from fraying and corroding under the screw terminal. 


The use of exposed test points should be restricted to areas where 
they will not be accessible to tampering (i.e., in the public areas of 
a commercial premises.) All it would take is a jumper across the two 
upper screws in Fig. 23-5 to shunt the loop out of circuit. One way to 
provide a concealed test point is to use a covered telephone connecting 
block ("baseboard block") instead of a barrier terminal block. 


Another handy technique makes use of a 3.5mm plug ("mini-plug") and 
jack set. A 3.5mm plug is the small plug usually found at the end of 
most tape recorder accessory wires, miniature headsets, etc. These 
plugs usually have a cylindrical, black plastic sleeve that screws off 
to accomodate the wiring connections, as seen in Fig. 23-7. 


S sen see fo) PROTECTIVE CIRCUIT 
PLUG 


SLEEVE 
Figure 23-7 


The "jack" is the female part of the set. Use the "in-line" type 
jack, which comes with a screw-off sleeve, as seen in Fig. 23-8. 


PROTECTIVE CIRCUIT ae | 


SLEEVE JACK 


. Figure 23-8 


These plug & jack sets offer a convenient way to improvise a “trap” 
sensor, such as a "live trap" trip-wire, or to monitor a ventilator 
duct grille, etc; (see CLIP TRAPS.) 


The way to wire a plug/jack set is seen in the above figures: 1/8" 
of insulation is stripped from the ends of a severed protective circuit 
pair. The separate ends are passed through the sleeves of both plug 
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and jack and soldered to the terminals, then the sleeves are screwed in 
place to cover the connection. 


PLUG 


eee 


JACK 


Figure 23-9 


When the plug is inserted into the jack (as seen in Fig. 23-9), 
continuity is established. A slight tug at the wiring will separate 
the two parts, having precisely the same effect as separating a clip 
trap. 


In addition to a trap function, this Plug/jack set provides a con- 
venient test points 


occas En PROTECTIVE CIRCUIT 
A B 


Figure 23-10 


The tip of the plug is separated from the shaft by an insulative 
band. The tip is continuous with one of the terminals, the shaft is 
continuous with the other. Fig. 23-10 shows how to apply the probes of 
a meter to a plug for testing: One probe is applied to the tip (A), 
the other is applied to the shaft (B.) This is identical to applying 
the probes to screw terminals. The tip and shaft are continuous with 
the separate legs of wire. 


To use a meter on the jack, an extra Plug (without a sleeve) must be 
used: Slip this plug into the jack and apply the meter'’s probes to the 
Plug’s solder terminals as shown in Fig. 23-11. 
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CWHITHOUT 
SLEEVE > 


JACK 


PROTECTIVE CIRCUIT 


Figure 23-11 
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The previous paragraphs refer to using a plug/jack set to achieve 
the same effect as seen in Fig. 23-6, which is direct continuity of the 
protective circuit pair. A plug/jack set may also be used to connect a 
loop into the protective circuit, as shown in Fig. 23-5. 
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A good source of standard tools and hardware items is, 


U.S. GENERAL TOOL CO. 
100 General Place 
Jericho, New York 

117533 


This is a mail-order supplier. All prices are discounted from the 
suggested retail. A large tool catalog is available for 2.00. 
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An excellent source of supply for professional-grade burglar alarm 
components and special equipment is, 


GARRISON PROTECTIVE ELECTRONICS 
Box 128 
Kew Gardens, New York 
11415 


This supplier has been around the burglar alarm business for many 
years and handles nothing but top-quality equipment. Their prices are 
reasonable and they provide informational support to their customers. 
We recommend this supplier to any reader who wishes to take the next 
step in the direction of learning this fascinating skill. 


Garrison will supply special ‘package’ sets of equipment, including 
supplementary instructions that conform with the information in this 
book. They stock the "100" control panel (and others), and will make 
recommendations pertaining to a customer’s individual requirements. 


A catalog is 2.00, 


which may be applied to any equipment order. 
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EQUIPMENT COST REFERENCE 


The following are typical retail prices of professional quality 
burglar alarm components, (list compiled in the Fall, 1984.) This 
listing is provided as a reference to calculate the approximate cost of 
installing a burglar alarm system. Wholesale suppliers (who depend on 
volume sales) generally do not invite small orders from beginners, and 
are too busy to provide informational support. To avoid making costly, 
troublesome mistakes, the beginner is advised to deal with a retail 
supplier who has installation experience. 


CONTROLS> 

Expect to pay about 75.00 for a "UL Listed,” basic control 
panel, such as the one described in this material. If accessory fea- 
tures are required, an entry/exit-delay timer will cost about 40.00. A 
bell cut-off timer, about 40.00. An AC switching relay, about 20.00. 
A permanent power supply (with Plug-in transformer, trickle charger and 
standby battery), about 80.00. Reliable control panels are available 
with built-in power supply, entry/exit delay timers, and two zones, for 
about 200.00. (Be sure that clear, supplementary wiring instructions 
are included with any multi—featured panel.) 


BELLS & SIRENS> 


A UL Listed bell, contained in a weatherproof cabin-— 
et with pre-wired tamper switches will cost about 75.00. A siren with 
speaker, remote driver and tamper protected cabinet will cost about 
100.00. Remember that a 12 volt system is recommended if an exception—- 


ally loud siren is required. 


MAGNETIC SWITCH SET> 


UL Listed, (rated at more than one million 
Operations) will cost about 5.00 to 6.00 Per set, with cover. 


PLUNGER SWITCH> 


Weatherproof type: 4.00. 


LEAF SWITCH> 
.00. 


CLIP TRAP> 
UL Listed type: 4.00. 


MERCURY SWITCH> 
UL Listed type, with adjustable bracket: 10.00. 
With adjustable bracket & door cord, 12.00. 


VIBRATION DETECTOR> 
UL Listed type: 98.00. 


SWITCH MAT> 


10 ft. length x 30" width: 50.00 per roll. 
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SHUNT LOCK > 


Round key type: 13.00. MEDECO: 30.00. 


PHOTOELECTRIC SENSOR> 


UL Listed type: Average 150.00. 


PROXIMITY SENSOR> 
About 350.00. 


ULTRA-SONIC MOTION DETECTOR> 
About 150.00. 


PASSIVE INFRA-RED MOTION DETECTOR> 
About 150.00. 


MICRO-WAVE MOTION DETECTOR> 


About 175.00, 


WIRE> 


22/2: 8.00 per 100 ft. coil. 35.00 per 500 ft. spool. 
Lacing wire: (hard-drawn copper) 20.00 per 500 ft. spool. 


FOIL> 
8.00 per 500 ft. roll. Self-adhesive type: 12.00. 


GLASS-BREAK DETECTOR> 
UL Listed type: 7.00. 


MULTI-METER> 
Standard type: About 35.00. 
Peters Meter (specialized for alarm work) 75.00. 


ARROW T-18 STAPLE-GUN> 
40.00. Staples, 2.00 per 1,000. 


FEELER BITS> 
Range from 10.00 to 20.00, .depending on length and 


diameter. 


In the way of miscellaneous hardware and fasteners, a box of 100 #6 
screws costs about 2.50. Spade tongues: about 10.00 per 100. 


Because retail * equipment suppliers make a better profit on the 
components they sell to beginners, they generally will include such 
incidental item as fasteners with an order. 
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The burglar alarm kit you’ve installed will ; [4 
protect your property, family, and valuables, 

right? Not necessarily. A majority of the 
so-called burglar alarms currently in use can 
be defeated by amateur crooks using the 
least sophisticated methods. And many 
| systems will malfunction within a matter of 
months, leaving the do-it-yourselfer with a 
collection of useless hardware fastened to the 
walls. 
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Tricks of the Burglar Alarm Trade will help 
you find and fix the weaknesses in your 
current system or show you how to select and 
install a new one that will make your home 
or business truly secure. And you won’t have 
to wade through technical jargon, cryptic 
diagrams, or complicated references to elec- 
trical theory. Author Mike Kessler’s straight- 
forward, get-down-to-the-basics approach 
will familiarize you with the principles that 
govern all closed-circuit burglar alarms and 
then provide you with countermeasures that 
will defeat any attempt to bypass your 
system. 
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Whether you own an apartment, liquor store, 
or mansion, Tricks of the Burglar Alarm 
Trade will help you keep your property and 
loved ones safe from intruders. 
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